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TAG's Super Speed CELECTRAY Re- 
corder has dramatically exposed hereto- 
fore uncharted, but vital temperature 
changes in many industrial processes in- 
volving continuous or batch production. 
Conventional recorders of long cyclic 
time fail to measure sudden temperature 
changes caused by chemical reactions. 
But, the Super Speed CELECTRAY Multi- 
ple Recorder takes these blind spots out 
of temperature records, even though 
changes may be taking place as rapidly 
as 200° per minute! 

Formerly, it has been necessary, in order 
to record a considerable number of 
points, to use several instruments, even 
though they be multiple recorders. Now, 
the Super Speed CELECTRAY puts ALL 


P takes the 
temperaturé hecords 


these records on ONE chart . . . a com- 
plete cycle of 12 records in 60 to 70 
seconds with incomparable accuracy... 
recording 120 temperature indications as 
shown in 10 minutes. 

Translate this super speed, supreme accu 
racy and operation facility into terms of 
processing economy and product uni- 
formity, and you'll want to know the whole 
absorbing story of these competent in- 
struments. They employ the CELECTRAY .« 
principle of an inertialess beam of light x @, 
reflected from a mirror galva- q 
nometer, which, in moving 4 
on and off a phototube, Kans 
passes the ‘'control- LN \ 
ling edge" of a KX 

screen. . 


Cc. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y.- 











against high maintenance 


. With no connections to make, and no interruptions 
> of circuits ... maintenance can now do a better job, 
" and do it more quickly and conveniently. The jaws 
Q of this WESTON AC Clamp-Ammeter need only be 
e placed around the conductor, bus bar or switch 
¥ blade, for current readings. Thus only a fraction of 
the time is now required to test and insure the effi- 

’ cient operation of all electrical equipment. 
And for all other instrument needs, whether for 
‘ switchboard or panel mounting, production require- 
ments, or laboratory research...WESTON can supply 
instruments which likewise combine unquestioned 
dependability and time-saving facility to the highest 
degree. » » » For complete information on the 
° Weston AC Clamp-Ammeter and other WESTON 
* instruments, phone the WESTON representative near 
’ you, or write to Weston Electrical Instrument Corp., 


591 Frelinghuysen Avenue, Newark, New Jersey. 


Laboratory Standards . . . Precision DC and Specialized Test Equipment... Light 
AC Portables . . . Instrument Transformers Measurement and Control Devices . . . 
.»« Sensitive Relays... DC, AC, and Exposure Meters... Aircraft Instruments... 
Thermo Switchboard and Panel Instruments. ElectricTachometers...Dial Thermometers. 











FOR OVER 52 YEARS LEADERS IN ELECTRICAL MEASURING INSTRUMENTS 





THE WESTON 


A-C CLAMP AMMETER 


TESTS IN LESS TIME 
—WITH LESS EFFORT 
—AT LESS COST 






FEATURES 


which assure 


greater safety — efficiency —economy 


* ONE HAND OPERATION — clamping jaws 
readily opened and closed by conve- 
nient trigger. Range changing switch 
thumb operated. 


* 6 CURRENT RANGES — 10/25/50/100/ 
250/500 amperes. Higher ranges also 
available. 


* HIGH INSULATION — jaws heavily insu- 
lated to protect operator and prevent 
shorts — entire case of sturdy Bake- 
lite for maximum safety. 


* PERFECT BALANCE — for quick, easy 
handling. 


* ENDURING DEPENDABILITY assured by 
WESTON instrument and WESTON 
manufacture. 














PAGES OF VALUABLE DATA 
ON RESISTANCE PROBLEMS 





: - and Application Engineers! 


Laboratory Men! Production Managers! Purchasing De- 


partments! Here’s a book that really works for you! New 
Ohmite Catalog and Engineering Manual No. 40 is differ- 
ent—It’s a complete handy reference on resistance applica- 
tion problems. It contains useful reference tables, complete 
dimensional drawings, valuable engineering data and a 
manual of resistance measurements. It describes the most 
complete line of stock units and special units for Industrial, 
R.F., and Precision applications. It tells you how to select 
the right units for your needs. You'll find it an invaluable 
guide on the use of Resistors, Rheostats, Tap Switches, 
Chokes, and Attenuators in products, machine tools and 
special applications—in the control of motor speed, of 
heat and light, of signal and supervisory circuits—in in- 
strument rooms, maintenance and production—in labora- 
tories and electrical equipment. You'll want it handy for 
ready reference—and you can have it without charge. 
Send for it now. Just 


clip this coupon to : : 
Ohmite Manufacturing Co, 
4887 Flournoy St., Chicago, U.S.A. 


Please Send Catalog 40. 


your letterhead and 


send it in today. 
Company 


Individual 
Position 


Address 


City State 


ACE aa 


RHEOSTATS «+ RESISTORS + TAP SWITCHES 
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Indicators, recorders, controllers, inspection d 
vices, etc., for plant, field and laboratory 


Industrial Pyrometry 


Second instalment of revised edition of 
“Temperature Measurement and Control” 


By M. F. BEHAR 
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Published Monthly on the 15th by 
THE INSTRUMENTS PUBLISHING COMPANY 
1117 Wolfendale Street, Pittsburgh, Pa. 
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Managing Editor Editor 
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Ten Million Man-years 


And What You Can Do to Help 


YOU and we—all of us from the North and South and 
y from the East and West—we the people of the United 
States, through our Congress, have already passed laws 
appropriating to our Army and to our Navy the amounts 
if money to pay for seacraft and aircraft, tanks and othe) 
vehicles, cannon, machine guns and small arms, uniforms 
and other supplies, the production of which represents ten 
million man-years of work. 

len million man-years! 

Cheerfully—yes, joyously—will Americans make this sac- 
rifice in order to keep war away from our blessed land. But 
the realization of this purpose of National Defense depends 
n Speed, Speed and more Speed. 

If by a miracle this huge production task could be com 
pleted in six months (twenty million men working half a 
year on defense production jobs) the certainty of peace 
would be absolute: no combination of dictators and their 
puppets could hope to impose their wills upon us by force. 

[f on the other hand, Yankee genius were to perish, so 
that this job of producing defense materials could not be 
completed in less than ten years (God forbid!) then the 
forces of evil would enslave us with ease—and government 
of the people, by the people and for the people would soon 
perish from the earth. 

Speed, Speed and more Speed— That’s the keynote of the 
production job. 

The answer is Automatization. An important phase of 
automatization is Instrumentation. 

On this page last July appeared an announcement en- 
titled “To Speed Up National Defense.” It announced that 
the Instruments Publishing Company would award $500 in 
prizes for essays entered in the 1940 Instrumentation Con- 
test, the theme of which is “Speeding Up Defense Through 











Chicago Society for Measurement and Control 
Open Meeting—Monday, November 4. 
HIGH SPEED PHOTOGRAPHY AS AN 
INDUSTRIAL INSTRUMENT 
By: Harry F. Bryan, 

Research Engineer, International Harvester Co. 

This talk will include the showing of moving pictures 
taken at the rate of 2,000 frames per second and will show 
njection pump sprays in pressure bombs, combustion pic- 
ures taken through a quartz window in an engine, valve 
spring bounce, mechanism movements and other interesting 

phenomena. 

Central Y.M.C.A. Auditorium, 19 So. LaSalle St., Chi- 
ago, Illinois—Dinner at 6:30—$1.25. This is an open meet- 
ing and all are invited. If you cannot come to the dinner, 
‘ome for the meeting and discussion at 7:30. 

Please ‘phone dinner reservations to Carl Hope at Canal 
1100, or address the Society at 2626 W. 31st Boulevard. 


Instrumentation.” We announced that the contest rules would 
be printed in the August issue; but we suggested that 
readers should start without delay. 

The contest rules were printed in the August issue. 

A brief reminder appeared at the bottom of this page it 
the September issue. 

The closing date, announced in the rules, was October 1») 

This editorial is being written on October sixteenth! Here 
is the situation: Fewer than twenty manuscripts came in o1 
time, but communications were received from ‘‘would-have 
been contestants,” explaining that they were too busy. To 
gether with similar regrets expressed in the course of con 
versations, it would seem that a hundred men with ideas on 
speeding up Defense production did not start writing then 
essays soon enough. 

National Defense is far more important than the enfores 
ment of the contest rules time limit. It has been decided, 
therefore, to postpone the closing date from October 15 to 
November 23. 

All of you who have not yet completed your entries car 
do so now—but for Heaven’s sake don’t drag out your worl 
Never mind polishing up your English. Just tell your story 
and enclose the necessary diagrams or photographs. 

From several letters and conversations, it appears that 
paragraphs 4 and 5 of the contest rules were read too 
hastily. Read them with care. Read them twice or three 
times. Don’t think that you have to be an Edison or a Ford 
You do not have to be the “inventor” of the device 
assembly. (No mechanism or circuit in this day and age 
can be entirely the invention of one man. Back of every 
useful instrument or automatic system are hundreds an 
hundreds of scientists and inventors of the past.) Don’t be 
too modest! 

Besides, even if you personally had nothing to d t] 
the design of the instrument or automatic system, it is suff 
cient for you to describe how it saves time and labor—o 


how it can speed up various operations and processes in tl 
production of national defense material. 

A bright high-school boy visiting your plant and seeil 
what you are doing in your daily work might win a pr 
by reporting what you are doing. You are more that 
schoolboy. 

The rules appear on page 322. 

One last word, quoted from the July announcement 

This is NOT luplicatior o rnmental plar tainir 
new inventions. Patentabl t d red t 
What the Jury of Aw i w | bat pref rij 
tion of what ou are doima at this moment t speed uy j wl 
ipplications with the i fon S r , nt , . A 
meters, 1utomatk inspectior device 1utomats rat et Ir 
other words, if you have put into practice iny way i ne r 
struments to speed up preparation, production, transportation, et 

any way which others can ¢ ils py ther } t t 
possible kind of an idea to submit, because, if widel lor 1, it 
will reduce the time lag and speed up productior 
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In this department we strive to report each month ALL the new devices for mea 
inspection, testing, metering and automatic control—in the form of concise technica 
BULLETIN 1620-I tions. When writing to manufacturers directly, please mention this department as yo 
of information. Or write to Information Section, Instruments Publishing Company. 












“Straight-and-angle” Thermocouple Fittin; 
Ss 5 


To faeilitate the 





sti 
Thermometers 


icement, i l'ni 


I 
for angle-type couple 
} 
i 


er halve which fit ! 
! i ether in ground joint 
i plete f por ind fume-t 
| Re u wing \ ngl 
nut whict cannot ft 
the uple’s hot 1 
det | nit n | 
t il ingle betweer 
this new form of the industria Is nd locked firm 
thermometer may be placed ’ I l ‘ Vorthri ( 
i straight and an angle instru Stenton Ave., Philad 
ment ilso as a right-side or as . 
left-side thermometer Five 





inch silvered ile, bronze case, 
vellowback tubing Philadelphi« 
Thermomete Co., M15 Filbe) 
Sf Philac pl ! Pa 


a \ 
a Conductivity Bridge 
JAMES G. BIDDLE CO. ene — i tape el 
Dual-range “Clipon anew IB” model of “Type RC” C 


itv Bridge (se Instruments, Jur 


Electrical Instruments 


1211-13 Arch Street Philadelphia, Pa. Ammeter page 157) is similar in ll respe 
earlier models except that it i 
Dual Range Clipon Ammeter, 0-100/500 with a vacuum tube oscillator to supy 
guaranteed accuracy of Z bridge source to 1000) cycles. Co 
ind its cli; ire completely self-contained, it operates from 100 
n Bakelite. Not visible in illustra olt 60 ecyele line, (Companion me 
\ ) Indust il sd t 
Cul { Jersey ¢ \ J 


Resistance Box 


New Determohn Resistance Box 

tilable in two ranges, one of 1 t 
yhhms and the other of 10 to 99,991 
(in iddition to the 100 to 999.900 





Multi-point Mercurial 


Thermoregulator 


Industrial Control Visual 















ms l clitte 
thermoregulato 
The Widest Selection 5 eee 4 
] sW 
of TIMERS and . begga 
CHRONOGRAPHS reid. BSN > eas eeubiot Soe Wed weed ok Ge 
FREE 1 . ‘1 } t is designed for industrial and labor 
A = Best Quality in Th gal = nae Bln Baga pdb tags Daag 
. iVallable ) Phila pcrimenters ind Schools. re-wound 
Teor! every Price Range eter Co., 915 Fil- tors are connected to tap switches. “D 
adelphia, Pa mohn may be connected directly in 


ind electrical circuits which do not < 
instrument to dissipate more than one 
for each tap in the circuit. Overall d 


JULES RACINE & CO. 


20 WEST 47' ST., NEW YORK 


sions 63/16 Sig” pu”. Ohmite 


Co., 4835 Flournoy St., Chicago, Ill, 
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/-ME RECORDING 


RAVITOMETER 


ACCURACY 
with 
SIMPLICITY 
for 
RECORDING 
SPECIFIC 
GRAVITY OF 
GASES 





—- FEATURES — 


Requires minimum of maintenance 











No rotating parts 


Automatically compensated. 


Manufactured by 


THE REFINERY SUPPLY CO. 


TULSA, OKLA. HOUSTON, TEX. 


Sound Level Meter 





iving Instrument 








i single Knob controls the 








| 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700° F. 









Philadelphia Merc-to-Merc 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Co. 
915 Filbert Street “I Philadelphia 
WRITE FOR CATALOGUE 
No. 104. 

Oldest Thermometer Manufacturer 


in Philadelphia 


Cathode-ray Osc 





tained wide-band f-m. oscillator for f-n 


implitude-modulated re¢ 


Wide-band f-m 











CONTROL’ SYSTEM 











The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 


Control Drive 


steam, water. sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Pp P tic sy | t ° orren ee eee 
mea ote ® | TESTMAGNETIC PROPERTIES |," 5005.0. 
~ N tesulting square wave carrier car 

¢ ; OF YOUR STEELS ized for " ny new measurement 


eivet ind broad-band amplifie 








, ' I 
} t point 
| | Ir yual Ww ! lulat is r 
vl gair ontrolled by the squ 
generator. Frequency range 10 
les/seconds continuously Varial 
1 fron built-in oscillator. R 
ended, Output voltage 150 
k, balanced to ground. Atter 
t meter rovide unbalan 
ound of 0 to 7 output imps 
per volt. Wave shape is in 
of ittenuator setting R-f a 
THE ONLY SINGLE BUTTON ELEC- it maximum carrier input—trar 
PRICAL RETURN FLUAMETER n of modulatot iupprox. unity ( 
SIMPLEST AND MOST EFFICIENT mpedance of modulator 2500 oht 
Bulletin 504 ipply ; 115 volts, 60 cycles, self-cor 
THREE DIFFERENT STYLES aati ers IGT OMAR. Renato 


Portable Standard with single electrical zero 
return 

Switchboard Type with above zero feature 
located on flexible lead for bench operation ye ‘ ll 

> > s . 

Iwo Button Pointer Shift in place of our emperature ontrolier 

patented standard zero return at a lesser cost New “Cromicrostat” 

icknowledged leaders in (0.5°F.) rod thermostat and. norma 
development of bigh sensitivity meters heavy-duty electricallv-commanded 


two transmitters connected to a re- | RAWSON ELECTRICAL GGG amecaacd” dks “radu denies 
r one or more receiving instrument INSTRUMENT COMPANY 


combines a ser 





n 























! ‘ irily near ¢« h tl fat 110 POTTER ST CAMBRIDGE, MASS 
1000 feet fray transmitter. Transmitters Branch: (5 East 26th St., New York City 
; i ; * 5 ; ; Representative: E. N. Webber 
’ i indicating ling 4358 W. Roosevelt Rd Chicago, 111 | 
n lling | Air pr ul is tran P 
tting medi with 1, O.D opper tub 
ns s connectior Accuracy is within 1 : 
ile range when properly nstalled 
Speed depend ipon distance the maximun 
being 1 econd per hundred feet of con Vv 
ecting tubing. System eliminates electrical TRU- AC 
zara in explosive tmospheres. It mea 
nuk dunia ued-cocalves comtinenus VACUUM GAUGES 
Paylor Instruments Companies, Rocheste (PIRANI TYPE) 
\ ) 
Priced From $39:5° 





age Bloc ks Circular on Request. 
" stat stem length 











Mechanic's Own” is name of latest ad CONTINENTAL ELECTRIC C0, | expansion therny 24 
lit lir f Ultra-Chex  precisior GENEVA. ILLINOIS 18” (brass outer tube regular, other n 
engetl tandard It cor t f five gage rials available). Range up to 500° F 

1 working span of 50 or 100 (the 
spread being recommended where the 


ree throttling is desired). Red a 
ilve controls 


leg 
lamps signal action. \ 
to 1 Ibs /in (higher pressures spec 
quires water pressure of 20 to 12 
Remote-control electrical requiren 
110 it 60-cycle 14 watts (others spe 
\ll parts corrosion-resistant. Also avail 


Ombinations of thermostat with 
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Automatic Timers 


eries of 128 models of inte 














timers and time delay relays has just bs 
nnounced Units are powered by sl 
speed, self-starting synchronous motors, 
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Square Wave Generator 
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New Model | j ymple 














eaiciipiesieageReryediam Help to Protect Your 
Home from Tuberculosis 











* NATIONAL * equipped with “fast-acting silver cont 


Ranges in split-secor 


; ans) 
econds, minutes or hours. Manual or aut 
Is f built flush pane 





for Catalog No. 35 itic reset models for in 
) lo 
mounting, enclosed surface mounting or W 
Pe cer Electric Controller Co nT - “ : = 
5317 R mounting rage ectric Co., 37 We 
$317 Ravenswood Ave., Chicago, Ill nountin aragon ctri 
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| Projection Comparator 
A L Ss T R Oo M Using standard optical bench parts rOs 
jection comparator gives magnificati of 
0 ind more Parts are interchangeabl 
so that other equipment be lded as 
| 
| 
} 
| 
| 
| 
: J swiveling clamy be put to other sh LESS Time to Repair Radios... 
i ises rojector r sts high-powere = = - 
| lamp (operating on a 6-volt trans! | Means MORE Time to Build Business! 
whi shines light into horizontall inted 
3 RCA RIDER 
part Is mounted n letachable rod f 
standard diameter Which Is a g d sliding 
ed A ao E L & fit in a right-angle clamp. Clamps, in tur 
 CHANALYST 
With detachable end supports. Between light 
FALSTROM Precisioned Steel Panels ource and microscope is mounted a. stand 
are specified by engineers for their rd swivel clamp in which is detachably in 
Strong Construction . . . Adaptability serted a rod having its upper end threaded 
.. Fine Appearance... for use in— to which can be attached a small platfor 
with centers, V-block or other method «¢ 
POWER PLANTS holding the object to be examined. Swi 
OIL REFINERIES clamp’s upper portion rotates accurately on 
PUBLIC UTILITIES lower portion, a scale reading the rotatior 
PROCESS INDUSTRIES directly to 5°; 1° can readily be estimate 
COMMUNICATIONS Upper portior rt swivel clamp is pt 
wit! i SS-S1ice perat i D\ i Screw 
Send blueprints. Write for bulletin P-10 having a rang I tion. In operation 
swivel el p is 1 ed DACK na 1 It 1! 
front f microscope until a eal or f 
ALSTROM (screnit ess 
cusing is b ins . k-and-pil ! I 
COMPANY oF DASSAIC N. J. microscope For measurement ot , 
is . a , with pur i rig I . oo 4 esterday’s servicing methods were 
<i} , a Sita rae — good enough ... for yesterday. But pro 
{f the § ur glass ! r Ist gressive servicemen foday demand meth 
stitute drawings ¢ translucent paper witl ods that fix sets quicker. They spend less 
‘ which the object can be ympared, N time bending over receivers—more 
~ q | / #9 focusing Is necessary when It has one er time going outafter business...develop 
- juste { riven object.—Gae er S ing business-getting ideas . hbutlding 


Strip Typ 
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e Thermostat 
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A versatile motor-driven pantograph 
machine of high accuracy for produc- 
tion and experimental work. 





Produces excellent engraving 01 
metal or plastic parts with characters 

16" to 1/3” tall. 

Attachments adapt it to small or 
arge work on flat or curved surfaces. 


Literature and samples of n2 pa cl = 
vork on re que St. t 
. > 9- ° I Cur : nges t r ‘ i 
Price: $113.50 with master type. = ni 


Mico Instrument Co. tse. ees 


16 ARROW STREET forating the aluminum housing, Overa 
CAMBRIDGE, MASS. “gga dey WD ep 
Aint St., Newark, N. J 








their business. 


Signal-tracing with the Rider Chanalyst 
takes less time 

Greatest advance in radio servicing in 
struments since servicing began, the 
RCA Rider Chanalyst uses the newest 
method of attack: the stgna/ ttself, com- 


tll heated surfaces, new Ul, Strip mon to every radio. It’s an investment 
> b worth investigating! Ask your RCA Dis 
_ tributor for on-the-circuit proof of the 


Chanalyst’s effectiveness by means of 
the Dynamic Demonstrator. 


“Line ’em up” Faster, Easier, Better! 


: NEW RCA A. C. TEST OSCILLATOR 
J No. 167 .. . $34.50 to servicemen 


* New, Accurate, Easy-Reading Dial 

* 100-30,000 KC. Fundamentals: 6 Bands 
* Full 1.0 Volt Maximum Output 

* 30%, 400-Cycle Internal Modulation 


Over 380 million RCA Rad [ vssvees e 

Tubes have been purchased rad . : 

users. In tubes, as in parts and test 4 
equipment, it pa t Fad 


go RCA AIIt 


RCA Manufacturing Co., Inc., Camden, N. J. 
A Service of the Radio Corporation of America 








































D-c. Serip-chart Recorders TETCO Wide Band Signal 


Make ry I line f inkle 


eo ae ae ae Generator 


Pits iin! stent to nwiate ace TSP COM Recorder | sw sete 19° wise nam 


rystal controlled signal generator 
‘ cifically designed for frequency mo 


ind amplitude modulation servicing 


Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced 





The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa. 
































! llivoltmeters, mill frequency coverage on fundamentals 
ter nd microammeters in ratings dowr 100 Ke, to 133 Me., the output select 
{ amperes full-scale New (CF2 include electronic controlled wide 
nstrument provide continuous operatior frequency modulation output with 75¢ 
day without attention, may be op sweep for alignment of f-m. and televis 
ted t temperatures fror 10°F. to pe eo Adj ee] S31 45’ | receivers, F-m. output, modulated inter 
I c clamaek magnet «d-« mit uring CS =. pine 4 lv, at 400 cycles with F.C.C. standard f 
ent is thoroughly hielded from str weep (150 ke.) Amplitude modulation 
genetic field \ecurac is within 2 f SMALL DRILLS put as well as narrow band frequency 
I Genera Melee ( Co from .0016 up to .1969 inch diam- ulation (30 ke. sweep.) A-f. output 
\ ) eter, all sorts of small turned parts 100 evele fixed and 50 to 10,000 cyeles 
Small wood screws in brass, steel, riable are available. Crystal-controlled 
etc., turned from the bar puts, modulated or unmodulated, accur 
BLACK GRINDING DISCS better than 0.01 ire included wit! 
quency coverage from 100 k« to 10 
y . . Iso fur shes s chronizec sweep 
Non-recording Densitometer H. C. M. ENGEL, Inc. i a ae Goeme td 
1h ned for convenience thi new it P. O. BOX 233, SIDNEY, NEW YORK built-in power supply It is standart 
projectior tvpe isin iny 110-volt a-c. line, 40 to 65 cycles 
tubs i null balance ind necessary cables, complete manual ar 
| ted mas ' nified 1 truction book, are furnished The Hie 


Electrical Instrument Co., 10514 Du 
lire... Cleveland, Ohio 


A-c. & D-c. Relays 


New Circle line relays are 
fficient on ec. than n\ n 








neg l mi met ! lir t 
mit is provided. It can be shifts ind develop unusually high contact pressu 

for ust t any position of the transverst ind wipe.”” They can be made in d-p.d 
irriage For rough measurements i wo- Units are assembled on a molded Bakelit 
en scale can be read to 6.10 mr Cross E | 500 base which can be utilized for front or ba 

rriage is provided with a quick shift de nter the $ connections on panel board mounting. Mas 
ice Which in normal position locks carriage ® netic structure is of a special heat-treat 
ind illows fine-adjustment knob t be Prize Contest illoy. Novel hinge irrangement using 
ised. Balancing circuit is said to be ex stainless steel pin with brass bearings 
tremely stable Two high-vacuun photo- said to assure long life “under the mo 
ells in a null circuit act as detectors See Pages 285 and 322 severe operating conditions.” Allied Ce 
Baird Associates, 26 Palmer St., Cambridge. trol Co., Ine., 227 Fulton St., New Ye« 
Vass Citu. 
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nace Pressure Controller ASHCRAFT ee ee ae ee 
bilitv of installation, convenience of F linear potentiometer I 
n ey ease of adjustment ire ELECTRIC HYDROMETER seats 
for completely redesigned industrial nt 
Pre oa Control : ~<a , sh H ! 
u Ve ( 


Multiple-dimension 


Automatized Inspector 


\I 





SHEFFIELD 





for the 
continuous measurement 
of specific gravity 


Utilizes a basically new prin 
ciple of liquid density mea 
surement by which the specific 
gravity of liquids may be in- 
stantly and continuously dé 
termined by immersion during 
the actual conditions of proc 





es most “Micromax”’ instruments. De- 
primarily for flush-mounting, it can 
nel-mounted at the factory n 
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od ' 
DI ompletely connected and wired, ve er igs Big pd 
. s plant Built into the controller lines, etc., while fluid is sub- 
‘ a . selector switch and a push-but- jected to moderate heat, pres 
b tation, enabling the operator to take sure, flow and igitation 
m manual control at a moment's no- Reads varying density in open 
wl Also located at outside of door is con tanks by immersion from sur- 
Se setting knob. Through a window, just face to 50 foot depth. Wired 
rr : } : for attachment to standard 
f eee ee = eee eee recorders and automatic den 
f MON ible di il. Dial is ecalibr “ d fron sity control equipment 
to 0.15 inches of wate ressures , 
” can be iccommodated, ) \ turn Pamphlet on request. 
; the control setting Knob rotates the dial ASHCRAFT AUTOMATIC 
“out eae lh cap oars ter pence CONTROL COMPANY 
ts are said to be facilitated by two sets 
nvenient weights. One adjusts the zero LONG BEACH, CALIFORNIA 
Ml tting of the instrument’s mechanical bal 
: nee the second adjusts its sensitivity) 
‘s it is stated, are easy to adjust, and 


ijusted, retain their settings reliably 
New controller, according to the makers, is 


: trongly built and requires negligible mai 
| ra ents ch CORRES “WIE : orsign ign IMPROVED 


uptel i relay, signal lights and 


Sr i cet ae | “NG MRSS? | ose. create 


etallurgical and other industrial furnaces 











Leeds a Northrup Co., ploy Sfento Lie fom x: ag = 
etphnr Pa ‘ - ai Or I 
ne | 
£ \r 
Power Level Recorder 
Purpose back of design of new Powe , 
deste : ict W) 
1 Recorder was to offer the most wide 
eful measuring apparatus for the lab- e : 
tory it makes automatically a continu- : 


Rubicon MULTIPLE REFLECTION galvanom 
eters have recently been much _ improved 
hrough redesign of optical system. The defi- I I MM 
nition of the line-image is now so sharp that ! har t 
readings can be estimated to .1 of a milli 


j 





meter division : , : 
These sturdy self-contained galvanometers are 
available with sensitivities as high as 5 x 10 : 
ampere and 1 x 10—6 volt per millimeter di- sp 
vision ! I ! 
ASK FOR BULLETIN 320 t | hour wit t 
“y tor tz ns} to Car ' 
RUBICON COMPANY | ciinc lesired, it 
Electrical Instrument Makers ite part ucl pir , 
, 29 North 6th St. Philadelphia, Pa. ! nd |e th 
: ne ee > a : ibe seats bg — sapesmpeteirth Galvanometers, Electrometers, Potentiometers, = one : 
n characteristics of any electroacoustk Colorimeters, Wheatstone & Kelvin Bridges, o pplied 1 
paratus Announcement emphasizes “a Resistance Standards, Resistance Boxes, Coil I m4 1 I ! ! 
e any laboratory could afford.” Instru- Testers Clip-on Ammeters, etc. tir t n be di int | 
' \) ffield tlaue ¢ ia) ()} 





ent can be equipped with input potenti- 
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TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 


the past 33 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 
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electric 
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cloth bo 


init Zero adjustments and all piping con 
nections for ich gage unit are recessibl 
from front of panel. Each unit is designed 
be withdrawn, like a book from a shelf 
without disturbing other units. Each gage is 
ctuated = by 1 dry-bellows§ type of dia 
phragm for ranges from © to 50” of water 
b it helical element for pressure ibove 

of water Gag nave 12” vertical, 
translucent, rear-illuminated scale New in 


licator is supplied with to 16 interchange 
ible units, is built for either flush or pre 
jected mounting Republic Flou Vete 
( 44 Diversey Parkway, Chicago, [ll 
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op drying proces 
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The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 














Vacuum - - 
Thermocouples 


featuring 


DEPENDABLE STABILITY 
HIGHER OVERLOAD 


FASTER RESPONSE 


Our thermocouples will meet the 
most rigid requirements Write 
your requirements to— 


American Electrical Sales Co., Inc. 
NEW YORK, N. Y 
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E. 8th ST 
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control shaft. Pilot motor is operate 
thermostat, et« through a cyclic rel 
process timer. Thermostat or float. sy 
controls direction of speed change 

cyclic relay governs rate of chang: 


Ue. 8 
ingeles, Calif. 


speeds Riectrical Motors, 


Tne 


Berman Density Balance 


cobperation of Roller 
(mfrs. of torsion balances) there is 
Baird Associates’ line a practical fi 
of tie Bern density for 1 
determination of minute 


Through -Smitl 


in 


balance 
of 


densities 





ples of solid materials. (Example il 
mg. diamond, measured density, 3.52 
from X-ray data, 3.51.) Weight range 

to be not available in ot} 


ered is) said 


instruments Baird issociates, Pal 
St., Canibridge, Mass, 
Vibrometer 
New Model 11 Vibrometet indicat 


implitudes from 0.00001” to 1” on the fou 
instrument, 


Line 


decade seale of a 4” regardle 


requency or prod pressure irity 





from 15 to 2500 c.p.s. accuracy 3° on 
ranges. Six-tube circuit. Operation f) 
115-volt 60-cycle supply (other power un 
optional). Dimensions, 15” high 23” 
12”. Weight 19 Ibs. net.—Televiso Produc 


Inc., 2400 N. Sheffield Bivd., Chicago, Ill 
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Direct-reading U-tube 


Manometer 


im shows only the principle’ of 


feature of new direct-reading U-tube 
eters (photograph would not. serve 
se ) Among other regular and_= op- 























il features are total enclosure with 
-glass front, cast aluminum or ma- 
ned steel bodies allowing tube to be re- 
ed, heavy Pyrex tubes quickly replace- 
ete. Manometers are available in sizes 
15” to 100” and for line (upstream) 


sures up to 700 Ibs./in.2. In enclosed 

lels, the “endless-belt flexible-steel 
is operated from the side Trimount 

trument Co., 332 So. La Salle St.. Che 
Til. 


Power Analyzer 


New “Model 903 Universal Power Ana- 


\ 


er’? measures polyphase and single-phas¢ 
imperes and watts. In can be used 
ingle-phase 2-wire, single-phase 3-wire, 





phase 3-wire, and 3-phase 3-wire cir- 
uits. Indicator is maker’s ‘Model 49” 
quare, two-element, polyphase wattmeter. 
its, amperes and watts are all measured 

means of suitable switching (while in- 
trument is connected and load is on, if de- 
ired). A rotary switch permits current 
leasurement in any of the three wires b) 
nserting ammeter in desired circuit. Volt- 
ge can be measured across any two wires 
f a 3-wire circuit. Ranges in the Model 903 
roper: to 650 volts, to 52 amps. and 20,000 
watts. Ranges on two multi-range = self- 
ontained current transformers are selected 

i two-gang rotary switch controlled by 
ne knob on panel. Type C-104 transform- 


rs give additional ranges up to 520 amps 
nd 200 kw. Only one C-104 transformer is 
equired for single-phase two-wire circuits 


Two transformers are needed for all three- 


Wire circuits. Space is provided in the carry 


r 


ing case for two of these transformers. 


'he Hickok Electrical Instrument Co., 10329 
Dupont Ave., Cleveland. Ohio 


A practical Noise Instrument for 


outine Production Testing 


in your plant 
Industrial Noise Analyzer RA-273 


® Simplified controls 

® Rugged mechanical construction 

© 38 filter combinations 

® Large indicating meter 

® Feedback stabilized amplifier 

© A. S. A. standard sound meter 

®@ Used with moving coil microphone 


or vibration unit 





FOR THE PLANT—Large number of fil- FOR THE ENGINEER—A convenient in- 
ter combinations permits segregation strument for wide band frequency 
of different noises characteristic of | analysis, to assist in location and cor 
specific defects in assembly. Simple rection of noise sources. Sound level 
controls adaptable to production line > measurementin accordance with A.S. 
conditions. Rugged design insures A. standards. For more complete in 


calibration stability and reliability. formation write to the address below. 


Electrical Research Products Inc. 
SUBSIDIARY OF 
Western Electric Company 
195 BROADWAY, NEW YORK, N. Y. 











STAINLESS STEEL 
TRIPLE-BEAM BALANCE 


No. 4050 


The Beam and all Ex- 
x posed Parts of Stainless 
“Steel. Stellite Knife 
Edges. Capacity 1610 G. 





Write for Complete Circular 


W. M. WELCH SCIENTIFIC CO. 


No. 4050 1515 Sedgwick St Chicago 
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Cempose copy for your bulletins, sales manuals, booklets, 
catalogs, folders, etc., in your own office on the com- 
posing Type Writer with changeable faces and spaces 
Any competent typist after proper instruction can Vari- 
Type your work to stencil, metal plate or photo-offset 
master copy with /arge savings and improved appearance 





@ Write Today for new specimen portfolio 
How to Profit by Using Vari-Typer 
with actual samples of work produced 


RALPH C. COXHEAD CORPORATION 


Manufacturers of Vari-Typer 


333 SIXTH AVENUE NEW YORK CITY 














Do Your Bit for Defense See page 285 





INSTRUMENTS 


October 1940 Page 293 

















Industrial 


rletely 


CHAPTER VIII 
“THERMOMETERS” AND “PYROMETERS” 


1. Dividing Lines—if any. 

It is convenient to treat thermometry and pyrometry as 
different subjects in a book. In life, these subjects overlap. 

Thermometry originally meant the measurement of heat 

and still does by inference—but today it means the meas- 
urement of temperature. Among instrument men it gener- 
means the measurement of temperatures below dull 
red, 01 1000°F. which is an easy figure to remember. 

Pyrometry originally meant fire-measurement and still 
means the measurement of “high” temperatures. Again, by 
agreement, the lower limit of pyrometry is an easily remem- 
3ut which? Some say 1000°F.; most Europeans 
932°F. or about 45°F. the first 
visible red justified). Since it’s 
easier to remember the combination of a color and one thou- 
sand, let’s all stick to the American 1000°F. 

A thermometer is an instrument belonging to a class of 
instruments originally designed and chiefly used for meas- 


ally 
below 


bered point. 


500°C. which is below 


Say 


(where Tvp begins to be 


uring temperatures below 1000°F. 

A pyrometer is an instrument belonging to a class of in- 
struments originally designed and chiefly used for measur- 
ing temperatures above 1000°F. 

A temperature-measuring instrument belonging to a class 
of instruments originally designed for measuring tempera- 
tures below 1000°F. but capable of measuring temperatures 
above 1000°F. may be called a thermometer or a pyrometer, 
according to its application. It’s all right to call one resist- 
ance thermometer a pyrometer when 7t is used 
1000°F.; but it’s a mistake to call the whole resistance class 
“nyrometers.”’ 

A temperature-measuring instrument belonging to a class 
of instruments originally designed for measuring tempera- 
tures above 1000°F. but capable of measuring temperatures 
below 1000°F 200°F.) may be called either 
a pyrometer or a thermometer, according to its application. 

The first industrial temperature-measur 
ing instruments were made possible by Le 


above 


of instruments 


(or even below 


thermoelectric 
Chatelier’s in 
vention of the platinum to platinum-rhodium thermocouple 
half a century ago. From the start it was found that this 
couple stood up successfully in service well above two thou 
From the nineties until after the 
First World War this high-temperature couple was the only 


sand degrees Fahrenheit. 


standardized couple on the industrial market (even though 


there were two rival “‘standards’’). All in all, the thermo 
electric temperature-measuring devices in common use were 
pyrometers—and few users even thought of calling them 


thermometers. Since the twenties, the practical standard 


zation of commercially-available base-metal couples has 
made possible the manufacture of some industrial thermo 
electric temperature-measuring and -controlling devices 
suitable for practical work below 1000°F. and even down 
to N0°F. These are thermoelectric thermometers. 

In a rigorous scientific text-book, the words “thermo 


thermom 
readers will be spared this form of torture. 


electric pyrometers” would be 


Thi 


followed by “O} 


eters 


2. Comparisons of Industrial Pyrometers. 


Industrial pyrometers are usually classified as (1) thermo 


electric, (2) radiation, (3) optical and (4) fusion. The first 
three classes, in their industrial forms, are made up with 
scales across which pointers travel. The fourth class com 
ses pyvrometric cones. 
Industrial pyrometers may be classified also into (1) 
ermoelectric, (2) “hand” and “visual” radiation and opti 
il, (8) autometric or autographic radiation and optical 
(4) fusiol 


revised ¢ 
ll be 

instalmen A 
ind Modes of Control 


By M. F. 


able), 






P 


metry 


Measurement 


lition of “Temperature 


oncluded with Radiation 


and Optica 
vhict Vill also include T l 


mperature Cont? 


BEHAR 


In the following discussions, therefore, the first t 
classes (and the types within these classes) can cor 
iently be compared with one another, but for obvious 


the 


class, not 


fusion cones must be considered as a 
subject to similar comparisons. 

A comparison of the three pyrometers along pu 
scientific lines is not necessary here; but from a pract 


sons sepa 


point of view, comparisons are both obvious and simpk 

1. The sensitive element of a thermoelectric pyrometé 
immersed in, or in contact with, the body whose temp« 
ture is to be measured, whereas radiation and optical 
rometers are sighted from a distance. 

2. Therefore, there is an essential element subject to 
terioration in thermoelectric pyrometers which is not fou 
in the other classes. 

3. With thermoelectric and with automatic or autograp! 
radiation or optical pyrometers one can have temperatur¢ 
indications and records on panel-board instruments and on 
can readily install multiple-switching arrangements. Wit! 
a “hand” or “visual” pyrometer one can only measure th¢ 
temperature of one thing at a time—the object sighted. 

1. The conditions for high accuracy in the use of thern 
electric and optical pyrometers are fairly easy to realiz 
on the other hand, such commonly overlooked factors as i1 
visible gases and vapors may seriously affect the readings 
of radiation pyrometers. Therefore, the latter are consid 
accurate”—for not intrinsically—than th: 
Under standardized industrial 
conditions, however, their indications are just as dependab| 


ered ‘“‘less 


other 


use, 
two classes. process 

>. Regarding simplicity versus complexity, distinctions 
have now ceased to exist among all these classes. Certai 
types and models in any one class are much simpler, and 
others much more complicated, than types and models 
other classes. The same applies to ruggedness: 


in each clas 
there are both robust and delicate instruments. 

6. For measuring the temperatures of objects of sma 
mass (say a few cubic inches of a gaseous mixture, or a 
solid specimen the size of a dime) the ordinary industria 
thermoelectric and radiation pyrometers can seldom li 
used; whereas most visual optical pyrometers can readily b 
used—if the body is incandescent. However, “extraordinary’ 
needle-form thermocouples originally brought out for biolog 
ical and or other scientific purposes are commercially avai 
able, so that thermoelectric pyrometers can be used (wit 
care) for micro work. 


For measuring temperatures of 


moving objects wit 
the utmost speed of which science is capable, there is as yet 
no industrial (or laboratory) instrument cn the market 
Meanwhile, industrial thermoelectric, radiation and optica 
pyrometers can all be ‘‘stepped up” but only within certa 

limitations: paper-thin surface thermocouples 
quickly; total-radiation receivers ordinarily take at 
five seconds to come to equilibrium; photoelectric devices 
require the use of amplifiers. However, since camera shut 
ters, phototubes and ballistic galvanometers are all con 


wear oul 


least 


mercial articles, one form of high-speed autometric (but 
not yet autographic) optical pyrometer will no doubt soo 
appear on the market for measuring the temperatures of 
moving incandescent objects large enough to fill, say, a 


of a second should be ample fo 


1 


cone of view; and a tenth 


each “‘exposure.” 


8. There is no commercial pyrometer for measuring th¢ 
temperatures of rapidly-moving smali objects. This doubt 
problem will no doubt be solved soon by the combination of 
(already 
available), infrared 


infrared-sensitive photographic emulsions aval 


synchronized shutters (alread) 
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COMPENSATED 


‘, AMBIENT. 
TEMPERATURES 















Radiamatic sighted on roof through hole in furnace back wal 





Potentiometer continuously indicates and records roof temperature 


Satisfies All Demands 


Convenient to operate and universal in applications for the measurement and 
control of temperatures where thermocouples are impractica! and unreliable. fhe 
new Brown Radiamatic Pyrometer (Made in America) is designed to operate 
under severe conditions of temperature, vibration, etc. 


RADIAMATIC 
DETECTOR 


Completely self-contained and compensated for ambient temperature errors 
the Radiamatic detector is sighted on the hot object, moving or still, and con 
tinuously measures the desired temperature of the material itself. 


The Radiamatic consists essentially of a heet-resisting lens, a compensator and 
a thermopile. The heat radiated from the hot object falls on the lens and is 
focused on the thermopile which generates an E.M.F. proportional to the true 
temperature. The compensator corrects for ambient temperature fluctuations sur- 
rounding the detector—hence the desired E.M.F. alone developed by the thermo 
pile is translated into degrees of temperature and is continuously indicated 
recorded or controlled by the potentiometer. 





The Brown Radiamatic is ruggedly constructed, built to withstand vibration— 











accuracy is unaffected by dust, dirt, fumes and corrosive atmospheres. Easily 

installed complete with all accessories for mounting. 

HOT OBJECT LENS THERMOCOUPLE 
af | an Tf Use the Radiamatic for those applications where-——vibration breaks thermo 
4 ts ‘ couples—furnaces move or rotate—work moves or thermocouples cannot be in 
{th aan stalled—temperature is above thermocouple range—furnace atmosphere conditions 
wi {| are unfavorable—maintenance of platinum thermocouples is costly. 
| q eS For information write THE BROWN INSTRUMENT COMPANY, a division o| 
[-— Minneapolis-Honeywell Regulator Co., 4482 Wayne Avenue, Philadelphia, Pa 
Offices in all principal cities. Toronto, Canada: |17 Peter Stree-—Amsterdam-C 
INSTRUMENT Holland: Wijdesteeg 4—England: Wadsworth Road, Perivale, Middlesex—Stock 
Bs holm, Sweden: Nybrokajen 7. 





PRINCIPLE OF OPERATION 





BROWN 


Brown Radiamatic will be on display 
at the National Metal Exposition, }24 {21 40) It {2} 
Cleveland, Ohio, Booth F4, October 


21 to 25, 1940. PYROMETER 




















CONTRASTS 





IN INDUSTRIAI 
No special effort was made to show ‘“‘extremes'’—these two illus 
trations simply happening to be readily available. At the left, a 
vweedle form thermocouple directly connected to a millivoltmeter for 
neasuring temperatures of plastic materials. (Cambridge Instrument 


transparent lenses available), quick-development 


densitometric 


(already 


tanks (already available), 


Another solution will involve the use of a photoelectric re- 
ceiver, an amplifier and an oscillograph. 


9. As regards the amount of skill required, we must first 


ask the question, what sort of skill? Certain it is that 
visual optical pyrometers require some “skill of observa- 
tion’”’ which the other classes do not. Then too, ‘skill of 
sighting” is generally necessary with portable radiation 


pyrometers, sometimes necessary with optical pyrometers 
and quite unnecessary with thermoelectric pyrometers. It is 
possible, however, to sight radiation pyrometers and auto 
attaching them 
one position at a definite distance from a peep- 
hole or a refractory tube. A certain amount of skill is re 
quired following directions when a 
made. The skill”’ 
required does not depend so much upon the class as upon 
circuit of the instrument 


metric optical pyrometers once for all by 
securely in 


regardless of class in 


permanent installation is “maintenance 


the particular construction and 


and of its auxiliaries if any. Experience and judgment are 
almost always required to detect and promptly remove 
causes of inaccuracy. 

10. Causes of inaccuracy may arise within the elements 


of the instruments or systems. Some of these will be dealt 
vith below. But the most important causes of faulty indi 
cations arise outside of the instrument—in the installation 
Some of these have been referred to in a general way in 
Chapter III. Others will be discussed in Chapters IX to XI. 
it is well to emphasize the fact that eternal vigilance is the 
rice of continuously accurate measurements of high tem 
eratures in industrial applications. Pyrometers of all 


classes have 
and 


not hy en 


been improved, refined, simplified, automatized 


made easier to use, but the fool-proof pyrometer has 
invented and perhaps never will be. Nor will any 
take the place of 


getting the 


thine sound 


out of 


evel training as a require 


ment for most any class or type of 


pyvrometer. 


11. Some of the instruments classified here as ‘‘pyrom 


eters” may be used for low temperatures as in refrigeration 
work, but they seldom are so used in industrial plants 
(though inexpensive thermocounles are excellent for meas 
uring process temperatures in the production of liquid oxy 


gen, etc.). They may also be used for “water ranges” of 


temperature, but such applications are also unusual. Only 


a few special problems in the measurement of temperatures 
below 1000°F. call for the use of “pyrometers” in prefe? 
ence to “thermometers.” Among these applications are 


measuring the temperature of a small sunken surface, such 
as that of a die, etc. Innumerable other applica 
possible by the 


mold oO} 


tions are use of portable self-contained 
ind if such portable immersion 


pyrometers were commonly made for thermometric ranges, 


thermoelectric pyrometers 
and were sold at thermometer prices, the practical distine 
tion between pyrometers and thermometers would vanish. 
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PHERMOELECTRIC 


instruments or 
charts (already available) and brains (already available). 





PYROMETRY 


Co.) At the right, a thermocouple for measuring temperatures of 
liquid steel, connected to a potentiometer. (Fitterer Pyrometer 
Co.). This thermocouple consists of a silicon carbide rod in a 


144” diameter graphite tube, both joined at the tip. 
CHAPTER IX 


THERMOELECTRIC PYROMETRY 


1. Principles. 


When two different substances are placed in contact 
so many things happen at the interface that even moder 
science finds it difficult to classify and name all the obser 
able and measurable effects between bodies. In fact, th 
difficulty is chiefly due to the disappearance of the o 
familiar distinctions between chemistry and physics. Thi 
name ‘“‘thermoelectricity” suggests that some of the effects 
between bodies have to do with heat and with electricity 
much more than with chemistry. That is true: an abridged 
treatment of thermoelectricity need not mention chemica 
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effects. Unfortunately, thermoelectric pyrometers actua 


used in industrial plants are not used in a vacuum but ars 
constantly being attacked by gases and vapors; and 
parts are occasionally attacked by condensing liquids. Ther 
are no perfect metals or alloys. There is no such thing as 
complete protection or permanent protection. Moreover, the 
simplicity of electrical diagrams cannot be realized in actua 
installations. 

For example the usual first diagram of the usual expla 
nation is like Fig. 16. Actually, the simplest possible rea 
practical, usable thermoelectric pyrometer (a portable on 
of the “lance” form) requires a diagram like that in thé 
center of Fig. 1. 

In connection 


some 


with Fig. 1 it may not be amiss to stat 
that a thermocouple is a pair of electrical conductors 01 
dissimilar materials, designed and constructed for tempera 
ture measurement and control purposes. Therefore, the e1 
tire assembly, including protection tubes, etc., is genera!) 
called a thermocouple. A thermoelement, however, 
of the pair of conductors, and the word thermoelements 
refers to the thermocouple proper. In discussions of chat 


is one 
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acteristics, and in circuit diagrams, the word thermocouple 
(or “couple” for short) refers of course to the thermoele- 
ments themselves. 

The temperature effect utilized in thermoelectric pyrom- 
etry is an effect between bodies. It is an effect between dis 

milar materials. It is not a static-electricity effect but a 
current-electricity effect. The circuit is closed. A current 
flows in this closed circuit because heat energy has been 

converted into electrical energy. A thermoelectric pyrom 
eter works because it utilizes an electromotive force, specifi 
cally the thermal emf. The instrument measures a voltage 
(usually a millivoltage) produced in its associated circuit. 
\ thermoelectric pyrometer may be called a combination of 
a millivoltmeter and of a device producing a millivoltage 

arying with temperature. What depends exclusively o1 

temperature is this millivoltage. The ampere value of the 
current depends on the circuit resistance (Ohm’s law). By 
using massive—and costly!—rods instead of wires, experi- 
menters have obtained thirty amperes of current, but the 
emf’s were exactly those that would have been obtained 
vith hair-like wires. That our thermoelectric instruments 
are actuated by voltage, not by current, saves money be 
cause it permits the use of thin wires. It saves money also 
hecause one instrument can be used for many thermo 
couples of the same class and resistance. 

lor each class of industrial thermoelements the relation 

if temperature difference to thermal emf. is accurately 
known. The National Bureau of Standards has published 
tables of values. Good results in practice depend on meas 
ining ¢/ thermal emf., and doing our best to avoid meas 
iring anything else. It sounds simple. It would be simple 
f we could have a circuit consisting only of one pair of 
perfect thermoelements; ust two perfectly homogeneous 
vires, with no discontinuity of any kind except at the two 
unctions. Since this is not the case in practice, good results 
depend on being able to distinguish the thermal emf. from 
eve rything else. 

(Note. The users of lance form pyrometers, and of othe 
portable permanent assemblies with sealed connections, need 
not study the following as closely as the users of separable 
connection and multi-point systems.) 

The thermal emf. (also called Seebeck emf. after its dis 
coverer) is always the resultant of Peltier emf’s AT june 
tions, and of Thomson (or Kelvin) emf’s BETWEEN june 
tions. A Peltier emf. is an emf. seated in one junction, and 
varying with the temperature of this junction. A Thomso1 

mf. is distributed along a conductor and is always asso 
ciated with a temperature gradient between the two junc 
tions terminating this single conductor, so that it varies 
chiefly with the difference between the temperatures of 
these two junctions, but it varies also with the temperatures 
of the junctions and with the temperature distribution along 
the conductor. 

The value of a Peltier emf. is proportional to the absolute 
temperature of the junction where it is seated. Therefore 
the form of a Peltier coefficient is P — TdE/dT,—an in 
variable number for each pair of thermoelements. The 
manner in which the Thomson coefficient varies (the “law” 
of this effect) has not yet been determined. Suffice it to 
mention that the value of a Thomson emf. can only be de 
termined inferentially: by experiments involving Peltie1 
emf’s, and by mathematical computations which need not 
be gone into here. The only mathematics involved in the 
following development of the subject is “algebraic sum.” 

“Seebeck equals Peltier plus Thomson” is the familiar 
memory-aid. 

The “plus” means, of course, the algebraic sum. 

A thermoelectric pyrometer is, in one sense, a reversible 
heat engine—though a mighty poor one. Thermal energy 
flows from hotter portions of the system to colder portions, 
and some of it is transformed into electrical energy which 
in instrument (itself essentially a “motor”’) then trans 
forms into the mechanical energy that actuates a pointer. 
\ furnace thermocouple draws heat energy from the fur 
nace atmosphere and therefore cools the furnace atmos 


phere. When a thermocouple is used to measure the tem 
perature in a refrigerator compartment, there is a flow 
if heat rrom the outside to the compartment. In each case, 











the flow of heat associated with the thermoelectric 
is apart from, and in addition to, ordinary heat cond 
At this point it may be well to mention that two « 


devices sought by inventors are: 


an efficient t!] 


electric engine converting into electrical energy an e 


ically useful portion of heat energy; 


a thermoe!] 


pyrometer which does not involve a flow of energy 


potentiometric method is only ¢ 


ond problem. 


partial solution of the 


With these preliminaries in mind, let us try to uns¢ 


ble the various things that happen. 


Before we take up two dissimilar materials, let us 
sider one. In Fig. 2 are shown three forms of a solid h 
geneous material: a bar, a simple closed circuit and a 
cuit embodying a “motor” or an “instrument.” These 
respond to the three steps of a reasoning which need 


take many words. 


heat the material 


at the left-| 


ends. Now, if a pot of water laid on the right-hand sid 
the bar starts to boil, this will only prove that the mati 


















































is a good conductor of heat. Let us assume that the mat 
rial is also an excellent conductor of electricity, say pure 
silver. Electrically, “nothing happens” 





outwardly at 


right-hand end of the bar. Nor does an electric current # 


in the simple closed circuit of the second step. And cons 
quently, in the third step, our motor will stand still, or ou 
‘instrument however supersensitive its type 


zero. Furthermore, 


will rea 


zero if 


alternately heat and cool the left-hand end. Not ever 


high rate of change of temperature (“thermal shock’) at 


the left-hand end will make the galvanometer needle st 











Hot 
Region 


Absorbs \ 
heat 








Cold 
Region 


Finally, this will be true regardless of any gradient (: 


gradients) of heat potentials and of consequent electric: 
potentials in the intermediate portions of the homogeneot 
bar—or of the other homogeneous conductors. This can 
demonstrated in various ways. For example we can tak 


the homogeneous closed circuit of Fig. 2 and, without in 
pairing its homogeneous character, shape part of it into 1 


coil of an instrument 


is no effect! T 


meet the objection that the effects in the two halves of t 


circuit cancel, we next try a means of transferring a la: 


juantity of heat—the 


device shown in 


if the dum! 


bell is homogeneous throughout, nothing electrical will ha) 





be 
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pen outwardly. For another demonstration, we 


imagine that 
the portion ‘‘a” of the Fig. 2 bar consists of odd-shaped con- 
tinuous sections as in Fig. 5. Whatever the individual effects 


m the individual paths of thermal or electrical energy, the 























Whatever the number of 
places where a difference of electrical potential exists by 
of a local temperature gradient, wherever these are, 
great the inner local effects, we can still say that 
vill flow around the closed circuit, so that noth- 


sum is the effect of a plain bar. 
reasol 


however 


no current 











-_ 
I ad . 
° 
g of an electrical nature will happen outwardly. Conclu 
sion: it is impossible to use a homogeneous electrical con 
juctor as a heat engine which takes in thermal energy and 
gives out a thermal emf. actuating a motor or instrument. 
The practical “moral” is that we can test a thermocouple 
re for homogeneity by connecting its ends to a zero-cen- 
ter galvanometer and subjecting various portions of the 


re (except the ends near the instrument) to temperature 
vradients. Any deflection of the galvanometer, in either di 
a sure sign of inhon ogene ities. (A difficult 


rection, will be 


word, but one to keep in mind.) 


But what has become of the Thomson emf.? Nothing has 
of it, for it has not come into being in Figs. 2, 3 and 
unctions and no inhomogeneities, no Thomson emf.! 


pecome 
1. No 
So let us see what happens at junctions. 

First, one 

The simplest ideal that of two perfectly inert 
solids with no activity of any kind at their interface. (Ac- 
tivity here means the conversion of forms of energy.) This 
case does not exist, but a close approximation is a surface 
between two dissimilar non-metallic minerals in a geologi- 
cal formation millions of years old. Practical thermocouples, 
must be made of materials which conduct elec- 
tricity. Such materials are the ones most capable of activ- 
ity. As a rule, the most active are the metals and alloys. 
As a rule, too, the pairs of thermoelements which would 
among the from a consideration of their 
thermoelectric characteristics are among the worst to use. 
Fig. 6 junction of metals A and B in a non-con- 
ducting medium C. Even if this medium were pure air, at 
om temperature and moisture-free, it would preclude the 
use of some metals and alloys that rate high in tables of 


thermoelectric powers. 


unction. 


case 158 


however, 


seem to be best 


shows a 


(Now for a bit of theory: A and B being metals, some of 
their electrons are free and exist as an electron gas. When 
1 and B come in contact, their electron gases start diffus 
ing but the electron gas densities being different there is a 
net gain of electrons in one metal and a net the 
ther.) That is the theory; the fact is that A and B being 


loss in 
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lifferent metals, a difference of potential is set up th« 
ment they touch. 

This contact potential varies little with temperatur 
‘normously with the surrounding atmosphere. The clea 
and degassing of metallic surfaces and the determin 
of ‘‘true” contact potentials are so difficult that after 
ades of work, scientists are not ready to publish off 
tables. (Degassing refers to ordinary gases, of cour 
Conclusion: practical thermoelectric pyrometry must dé 
on gas-free permanent junctions (generally welds). 

The single-junction effect we want to get at, then, j 
emf. seated in a permanent junction and varying wit} 
temperature. But let us not name it yet: remember 
we are still considering one junction, so that no cur: 
flows. The effect, therefore, is a difference of poten 
(Analogy, the “open-circuit voltage” of a battery.) 
higher the absolute temperature of the junction, the grea 
this unnamed difference of potential. Outwardly, howe 


nothing happens. The circuit is open. 





Fig. 7 Fig. 8 





With th circuit of Fig. 6, would it be 
measure the temperature of the junction by measuring tl 
unnamed difference of potential? Theoretically, 
methods are possible. For example we might extend wir 
1 and B and shape their ends into an “electroscope” a 
roughly sketched in Fig. 7, being careful to keep meta 
1 and B perfectly homogeneous. For pyrometric purpose 
we would of course have 


open possibl 


Varlou 


to have a calibrated electrometé 
or electrostatic voltmeter. A trifling difficulty (the esu.-emu 
ratio) stands between theory and practice: the instrument 
sensitivity would have to be better than that of today’s 
industrially-usable instruments. But no doubt the proverbia 
fortune awaits the proverbial inventor. 

Instead of trying to measure a small potential difference, 
could we measure the electromotive force at the singl 
junction (this emf. varies with the temperature) without 
introducing any other junction to complicate matters‘ 
Again, yes, theoretically: in Fig. 8 is sketched a portion 
f another imaginary instrument—an electron counter. At 
first thought, the number of electrons passing per second 
through the otherwise empty space would seem to be a1 
exact measure of the Fig. 6 junction temperature. But 
the mechanical gap is electrically or electronically closed 
and only partly closed. The consequence is that we have 
introduced many complications in striving for simplicity 
Since our electron counter is measuring an actual current 
let us replace it by a common microammeter. This done, w 
have the plural-junction circuit shown in Fig. 1, which is at 
inventor’s dream realized. 

In the foregoing discussion of the single junction, it wa 
not specifically stated that the right-hand ends of meta 
1 and B are in a region colder than medium C of Fig. ¢ 
and there was only a passing reference to the complica 
tions thereby introduced. To save space we may omit a! 
other “thermodynamic impossibility” proof, similar to tha 
given in connection with the homogeneous-conductor circuit 
It can be similarly proved, however, that it is impossible t 
“heat 
which takes in thermal energy and gives out 
thermal emf. actuating a motor or instrument. Whateve 


use a single junction of two dissimilar materials as a 
engine” 


*Some thermocouples for molten metals need not be joined be 


fore immersion. See Section 11. 
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‘mirror image” 


tier 


tals used.) 


In 


scientific 
nong plant men. 


practice, 





thermoelectric 
sed-circuit effects between at least two bodies. Again a 
ictical ‘‘moral’: An instrument “reading” obtained with a 
‘rmocouple open is a sure sign of stray currents, wires 
iching, voltaic currents due to chemical action, or other 
uubles, generally called ‘“‘spurious” or ‘‘adventitious” emf’s 


circles, sometimes called ‘ghost 


Both Junctio 


temperature - No Therma/ emf. 




















effects 


at a single junction could be measured by instruments 
as those of Figs. 7 and 8 (and other possible ones), it 
t the Peltier emf. The Peltier emf. arises from the fact 
thermal energy enters a junction from the outside, 
sing electric energy to cross the junction in one direc- 

or heat passes from the junction to the outside, caus- 
electricity to cross the junction the other way; and that 
of this process goes on at a second junc- 
symmetrically associated with this first junction. (What 
discovered, however, was that sending a current 
yuugh a junction heats it or cools it, depending on the 


are ordinary 


nS at the same 
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2. Application of Principles to Actual Circuit 

In Figs. 9, 10 and 11 are illustrated the three simple 
cases of thermoelectric circuits in which there is no flow of 
electrical energy. 

In Fig. 9 the single junction (of Fig. 6) in a uniform 
temperature medium C is duplicated at the other end of the 
conductors A and B. No reference to the reasoning in See 
tion 1 is needed here, for it is obvious without proof that 
whatever electrical forces exist within the system AB (by 
reason of whatever differences of properties) these forces 
cannot be electromotive forces. This will be true whatever 
the shapes of conductors A and B. This will be true ever 
if heat energy is supplied from medium C to the systen 
16, or vice versa, because although the temperature of 
medium C will be changing, and with it that of the “doug! 
nut,” the two junctions will be at the same temperaturm 
at any time. 

Figs. 10 and 11 require reference to Section 1 as we as 
to the preceding paragraph, but the proofs of each cass 
may be left to the reader. It need hardly be stated that 
materials A and B in Fig. 10 are homogeneous. Any co! 
tamination or other cause of inhomogeneity w always 
introduce two additional junctions. Thus, 
the homogeneous material by A and the contaminated s 
tion by a, the effect will always be 

{14AAA aaa AAAAA 

Reference is made to a contaminated 

the chief offender in practice. A t 








caused by one drop of perspirat 
emf. because its ends would be at the sa 
But exposure to various atmospheres 
to be contaminated and suc 1 sect ; p 
is allowed to be exposed to t g 
always—emf’s causing ¢ s. A 
is shown in Fig. 12 whi s t first 
lems. The same quest 
applies to all four qdlagrams 
“no” but they—and the fs iva 
reader. (Hint: don’t be dees 
metry. Second hint: turn the age s 
side wv become t ) 
Symb $s temperature w unction citier tr K - Themson em 
(between Conduclar bctwe “ ens 
ly igen : is 
A 2 
Se : JAR 
Pon = \ Pie 
— i 
Therma/ emt. E= Fae = eo +h, Ng 


n practice one junction ss measuring, the ather is reference: Inkde. 


€ te td + 7. 7 s T é Pur 
Custom is fo designate ‘pp @s lo and /, as i, ,and Cmperarure 
ae ; 
difference as (T—T,,). However, this must be inverted if ir 


practice the higher temperature is TR. 


Direction of current depends an whichever of materia A and 
B is thermoelectrica positive fa the other. (Abwe, AteB 
Fig. 1 

From now on the diagrams may be conventional, f t 
reader realizes the seriousness of altering the continuit 
and homogeneity of conductors in a thermoelectric circuit 

Fig. 16 represents a simple thermoelectric circuit of t 
dissimilar materials A and B, in which a thermal emf 
being produced because some of the heat entering the 
tem of conductors at the hotter unction can be converted 
into an electromotive force (capable of operating an instru 
ment) just so long as there is a colder junction. This doe 


not mean that all of the heat entering the system leaves the 
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system at the colder junction. Most of it is wasted by 
nary conduction and radiation. Some of it is actually g 
out by the colder junction, so that if we packed this e« 
junction in an ideal asbestos blanket, it would quickly 
warmer and before we suspected anything there would 

be nine-tenths of the initial temperature difference. ( 
practical “‘moral’” may be left to the reader.) 

At this point it is a temptation to say “And, of cou 
the remainder of the heat taken in at the hotter junctior 
dissipated by radiation from the conductors because of 
Thomson effects along the conductors.” Not only is t 
false from a theoretical standpoint but it is contradict 
by the hard fact that some materials have positive Th: 
son coefficients, others have negative Thomson . coefficie: 
and still others display no measurable Thomson effects 
all. A truer picture may be obtained by considering t 
Fig. 16 circuit (especially the doughnut physical form 
Fig. 9) as two heat engines: a simple one in which he: 
travels horizontally with temperature; and a peculiar or 
in which heat travels vertically across the temperatur 
gradient of the first engine but of course from a hotter t 
a colder region. Neither of these thermoelectric engines cai 
exist without the other. In starting to describe the Fig. 1' 
(though unusual) t 
mention first the ‘“‘Thomson effects engine” instead of thi 
“Peltier effects engine.” The analogy of the right-har 
rule* suggests itself—and it is useful, but there is a sig 
nificant difference: the laws of the electromagnetic field ar 
established and invariable relations, whereas the vertical! 
temperature difference in the ‘Thomson effects engine” part 
of the doughnut has as many relations to the horizonta 
temperature gradients in the upper and lower conductors 
as there are pairs of actual materials 
with individual properties. 

Utterly false, therefore, is the old “law,” still taught in 
some places, still found in discussions printed in recent 
years, that the Thomson effect in itself is the kind of re 
versible effect which makes possible a thermoelectric en 
gine. The old theory predicted emf’s in all conductors, al 
ways from cold to hot (and more recently the reason was 
given as the greater density of the electron gas in the 
colder part) so that, by utilizing the converse, it would b: 
possible to use a plain, junctionless, ring as a thermoelec 
tric system merely by maintaining the right-hand and left 
hand portions at different temperatures to have a_ hori 


circuit, it would have been correct 


actual substance 


zontal temperature gradient, and, presto!, any thermal en 
ergy absorbed at the top would instantly be converted into 
a thermal emf. capable of doing work at the bottom, pro 
vided only that the bottom temperature were lower than the 
top temperature. Advocates of this old theory do not say 
left and right, top and bottom. They say junctions AB and 
{-and B. But if that old theory wer: 
valid, A and B might as well be made of the same actual 
substance, without junctions: 


BA, and conductors 


one homogeneous doughnut. 

Thomson emf’s are realities, which cause errors in actual 
thermoelectric circuits where conductors are allowed to be 
come inhomogeneous. The real Thomson coefficients are of 
the same order of mag 
nitude as the utilized total thermal emf’s. Therefore th« 
errors are frequently serious. But the old theory, postulat 
ing a definite general relation of electromotive 
temperature gradients, has little to do with these rea 
Thomson emf’s. No less an authority than Dr. W. F. Roeser, 
of the National Bureau of Standards, has recently} put thé 
final settlement of the question into a strong statement 


the order of microvolts per degree 


force to 


which he calls “The Law of the Homogeneous Circuit.” 


Here it is: 


“An electric current cannot be sustained in a cil 
cuit of a single homogeneous metal, however vary- 
ing in section, by the application of heat alone.” 


This means that we need not dread temperature gradi 


ents along homogeneous conductors. It also implies, “‘No 


Or the genet fi ssociated witl i Wire in whicl 

rent flows 

W. F. Roeser. Thert ectric Thermometry. Journal of Applic 
/ s, Vol. 11 Jur 19 pag S8-407 





ions, no thermal emf’s.”” The two Thomson emf’s and 
two Peltier emf’s are indissolubly associated in any 
1 thermoelectric circuit of two actual materials, what- 
their independent values may be. 
t us return to the consideration of the quantities of 
entering and leaving the simple thermoelectric circuit 
16). No material is a perfect conductor of electricity 
ydinary temperatures. The current flowing in the cir- 
by reason of the thermal emf. tends to heat the entire 
uit—hotter junction, colder junction and all interme- 
e sections. In some pyrometer installations, this Joule 
t may be a serious source of error when a “contact” 
ection (bad weld) is heated. Otherwise it seldom is an 
vortant one, for electrical insulating materials are im 
fect as heat insulators. Its importance arises from two 
ts: (1) Being irreversible, it must be disposed of; (2) 
masks the heating and cooling effects of the individual 
ltier emf’s and Thomson emf’s. (There goes all hope of 
venting a reversible thermoelectric engine! ) 
Consideration of the reversible effects is sometimes use- 
especially in precision work where “needle” thermo- 
uples are used on small samples which weigh less than 
e last %” of the fine wires. 


Essential Parts 

In order to utilize the thermoelectric effect it is gen- 
erally necessary that the pyrometer outfit include the 
p following: 

(a) The thermocouple, inserted where the temperature 
is to be measured and embodying the measuring junction, 
hich is generally at the tip. 

(b) The reference junction, which usually is not one but 
two connections—between each of the thermocouple wires 
(or their extension leads) and copper brass 
terminals. 

(c) Some provision for keeping the reference 
at a constant temperature, or (and this is important in in- 
dustrial plants) some provision for the automatic compen- 
sation for variations in reference junction temperature. 

(d) An electrical instrument for accurately measuring 
the comparatively feeble emf. 

(e) Various appurtenances and features 
essential such as insulation, protection, etc., 
optional, such as styles of tubes, terminal heads, electrical- 
instrument features, etc. 

As good a way as any is to start off with the simplest 
possible circuit and go through the main points of the milli- 
voltmeter circuit, taking up some questions applicable also 
to the potentiometer circuit, so that when the latter is 
reached, only its distinctive features need be dwelt upon. 


leads or 


junction 


some of them 
and some 


+. The Simple Pyrometer Circuit (Millivoltmeter) 
The simplest form of the thermoelectric circuit was shown 
in Fig. 16. If both junctions are at the same temperature 
there will be no emf. Now heat one of the junctions. A 
current will flow, but we have no means of measuring: it 
we can’t even know that it flows, for no detector is shown. 




















<*, ae Ja ee - p 





| 
Us lon ¥) = Jn Jp 
— Instrument 
Fig. 17. Fig. 18. 


In other words, Fig. 16 represented one thermocouple; it 
did not illustrate a pyrometer circuit. Keeping the circuit 
“simple” by avoiding cutting a conductor, we might try the 
Fig. 17 scheme, but no one need be an electrical-instrument 
maker to see that it is impractical. 

The next step, then, is to untwist the wires at the cold 
end and connect them to a millivoltmeter, as shown in Fig. 
18. Now we can measure an emf., specifically the potential 
drop across the instrument terminals. These terminals, 





created by the introduction of two additional junctions. 
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lar condenser vanes are attached to the arm of the adjust- 
able target. When the pyrometer pointer reaches the target 
setting, the pointer vane passes between the condenser 
vanes and causes a change in the capacity of the circuit 
which in turn actuates the switch controlling the heating 
current or fuel valve. A red eye tells whether the heat 
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Thus the simplest measuring circuit differs conside: 
from that of Fig. 16. In the first place an instrument 
been increasing the circuit 
to the thermal emf. is decre: 
the thermal 


inserted in series, 
Therefore, the current due 
Its value in milliamperes 
millivolts (#£) divided by the thermocouple resistance: 
ohms. It is E/(Rn Ri..). And the potential diffe: 
across the instrument terminals is not EF but E & R, 

Ris). This question of resistance ratios will be take) 
later. For the moment we that the instrument 
sistance is just right. 

In the 
speaking, a 


resist; 


is no longer 


assume 


technic: 
However, j 


second place our series instrument is, 
milliammeter without a shunt. 


used to measure millivoltage. Its calibration in milliv 
across its own terminals will remain good if it is treat 
with the care that any electrical instrument deserves. | 
temperature readings will be affected by variations in « 


This, too, will be 
We can dismiss it in the case of Fig. 
circuit is the thermocouple itself 
moment we assume to be constant. 
In the 
of one. 


ternal circuit resistance. taken up lat 


18 where the exter: 


whose resistance for 


third place we have three thermocouples instea 
these are B to A, A to bras 
first figure in this chay 
then, have implied tha 
junctions maintained 

the two brass 


Reading clockwise, 
brass to B. Inasmuch as the very 
ter, and several mentions 


most junctions are two 


since 
reference 
junctions of Fig. 18 
assumed to introduce no errors. However, it is wel 
to state definitely that the two binding 
maintained at the same 


the same temperature, 
can be 
posts have to be 
temperature. It is even better t 


generalize this case, and derive a rule applicable to al 
thermoelectric pyrometer circuits. 
The discussions in Sections 1 and 2 have brought out in 


detail that certain types of circuits will not, and others 
will, generate thermal emf’s; also that a thermoelectric cit 
cuit, reduced to its essentials, is symmetrical. 
Whatever the point of view from which we 
thermoelectric circuit, everything comes in pairs: 
temperatures, temperature 
Some 


consider a 
materials, 
potentials, emf’s, an 
horizontal. 
a useful symmetry 
mysteries” and “paradoxes,” 
and enables us to take proper precautions while not wast 
ing time 


gradients, 
pairs are vertical, other 
beautiful symmetry about it 

kept in mind, dispels various ‘“ 


so on. There is 


which, if 


and effort on unnecessary precautions. 


What we may call the Rule of Symmetry is but a nev 
name for a series of well-known (but heretofore unco 
ordinated) directions to users, laws of thermoelectricity 


etc. The simplest formal statement of this rule would be a 
description of the conventional thermoelectric circuit show: 
in Fig. 16: two conductors, 
dissimilar materials, two sets of properties of these mate 
two temperatures, two temperature 
resulting in two Peltier and algebraic 
sum is one thermal emf. which depends upon the difference: 
and 7, and upon nothing else. 

axiom that equal and opposite effects 
in mind, 


junctions, two homogeneous 


rials, gradients, etc., 
Thomson emf’s whose 


between T 
If the 


borne 


cancel out 


three things can always be done: 


1. In making an installation or 
outfit 


in using a self-contained 


the correctness can be verified. See Fig. 19. 


2. TO an circuit 
features or 


existing there may be added 
provided only that each addition does 


sources) of “spurious” or ‘ad 


various 
extras, 


not constitute a source (or 


ventitious” emf’s. An alteration will generally be accom 
panied by a change in total circuit resistance, but this in 
itself does not involve a change in the thermal emf. 


3. FROM the circuit diagram of an existing installation 


there may be eliminated all features or extras which d 
not contribute adventitious emf’s. There will be no therma 

*It may be elaborated into a re ipitulat on of th ises where 
ffects can be expected and of the cases where effects are absent 
but each elaboration would make it harder to remember. The writ 
leaves its exact wording to his scientific betters and to clever 
slogan coiners. The pithiest, most memorable, thermoelectric ep! 
eram the writer knows of is Dr. Robert B. Sosman’s \ thermo 
ouple with one junction is no more useful than a scissors Wit! 
ne blade We need an apotheem of that kind for expressing the 


rule of svmmetry. 














s if the junctions (or connections) of dissimilar mate- 
in such portions are known to be at the same tempera- 
and if the conductors are known to be homogeneous. In 
tice, these portions of the entire circuit should be con- 
ed, verified and eliminated one by one. The elimination 
consist of a pencil line drawn around each feature. 
eliminating portions of circuits it is well to bear junc- 
; in mind. Thus in Fig. 19 we have purposely included 
in the “Equivalent” although the junctions would all 
sh if the temperature were perfectly uniform. 
hief practical use of the law of symmetry is in trouble 
ting, particularly in selector-switch installations where 
saves time by enabling any unit circuit to be quickly 
regated and quickly sketched, and then checked in the 
st time. The trouble-shooter can determine whether 
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everything is right in that particular circuit, without hav- 
ing to tear down a lot of wiring. Referring to his sketch, 
he knows that the limits of that circuit are where conduc- 
tors cross the pencil-line ring. Error-producing “thermals”’ 
are quickly located and their causes determined without 
guesswork. 

The law of symmetry should dispel certain hesitations 
about altering circuits, and replace them by confidence. 
When an alteration is made, it usually has the effect of 
adding two or more new junctions. Segregate each pair of 
additional junctions, think of them as additional thermo- 
couples if the materials are dissimilar, and make sure that 
the effects are equal and opposite. This done, there will be 
no thermoelectric alteration; and attention can be centered 
on the other consequences, such as change of circuit resist- 
ance, etc. 

The emf. indicated by the millivoltmeter in Fig. 18 is 
proportional to the thermal emf.—less than the true value, 
of course, on account of circuit resistance, but at any rate 
we can calibrate the scale in degrees of temperature dif- 


| 


ference. If such an outfit is used in a thermostated room, 
we can use it to measure “high” or even ‘‘medium” tem- 
peratures—depending on the constancy of room tempera- 
ture (hence of ref.-junction temperature) and on the ac- 
curacy required. Note however that this simplest measu! 

ing outfit (a pair of thermoelements directly attached to a 
millivoltmeter) is used also for precision measurements of 
high temperatures in laboratories—but only when the mill 

voltmeter embodies automatic compensation for reference- 
junction temperature (as discussed in the next section). 
It 

f the Fig. 18 pyrometer which consists of a pair of 
thermoelements directly attached to the millivoltmeter bind- 
ing posts. In permanent installations, we can’t put an in- 
strument right at the terminal head of a thermocouple. Ar 
actual circuit — not an ideal one — means “wiring”’ it 


means a circuit in which the resistance of some portions 


s seldom possible, however, to realize the simplicity 
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will vary uncontrollably (poor contacts, corroded 
variable immersion of thermocouple, “resistance then 
eter effect,” etc.) The first answer is to introduce a 
or controllable resistance so much higher than the res 


the circuit—where variations occur—that these variat 


Series Tesistance 








Fig. 20 


will become negligible. Fig. 20 shows the idea—a balla 


series resistance. It usually is made of manganin, w 
has a negligible temperature coefficient. (There are ot 
methods, discussed below.) Note that in order not to viol: 
the law of symmetry, this apparently simple insertion of 
resistor necessitates at least three additional connectic 

In practice we want to save money by running copp: 
leads from the furnace to a remote instrument. This mo 
fication is shown in Fig. 21. But now we have seriou: 
affected our circuit. Here is why: 

A long copper wire acts as a resistance thermometi 
Therefore we must make the series resistance still highs 


Secondly, we must do something about the cold junction 


B : 
feo AS eRe lees teem e x eo naneeanne nee nen} Jr 
Leads hastramont 


temperature, because the only current we are interested i: 
(the one which deflects the millivoltmeter coil) is produced 
by the difference between the temperature of the measuring 
junction and that of the reference junction. If the reference: 
junction is at the terminal head of the thermocouple tube, 
the heat radiated by the furnace in which the thermocouple 
is installed may bring up the temperature of this junction 
from room temperature to several hundred degrees, intro 
ducing serious errors. One way to solve this difficulty is 
simply to lengthen the couple so that its outer end will b 
away from the furnace. This need not involve employing 
longer pairs of perfectly homogeneous thermocouple wires, 
which would be expensive in the case of rare-metal couples 









X Extension Leads 
Fig. 


The same effect is achieved by connecting to the termina 
head special homogeneous flexible conductors serving to 
extend the couple so that the reference junction may be 
properly handled. For base-metal couples these pairs of 
conductors may be made of the same two materials as the 
couples, but in the form of insulated stranded cables fo 
convenience. The obvious designation for such cables 01 
leads is extension leads. Fig. 22 shows one circuit thus 
»btained. The reference junction now consists of the tw 
connections of the extension leads to the copper leads, and 
it may be located where its temperature can readily be kept 
constant and known. 

When leads are of materials different from those of the 
thermocouple materials, additional Peltier emf’s and addi 
tional Thomson emf’s are set up. This is inevitable, for we 
have in effect another pair of thermocouples. In the case of 
rare-metal couples, extension leads can be made of pairs of 
materials, the temperature-emf. relation of 
which is practically the same as that of the couple. Sue! 
leads are called compensating leads. Their purpose is t 
counteract the intermediate-junction emf. at the terminal 
head and set up an emf. at a point away from the furnace, 


inexpensive 














oving the cold junction” 
.e same materials as the couple. Since their chemical 
ositions differ from those of the couples, they are not 
extension leads and their two connections to the rare 
il wires must be kept at the same temperature. 

typical compensating-lead circuit is shown in Fig. 23: 
instrument contains not only the series resistance but 
reference junction and also a mechanical or electrical 
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angement which obviates the need of keeping the refer- 
ence junction at a constant temperature (see below under 
“Reference Junction Compensation’). Instead of having 
the reference junction half way between the furnace and 
the indicator, it is removed, all the way up to- 


the instrument case. 


and inside- 


Extension leads and compensating leads are being used in 
various ingenious ways. There is no space to discuss the 












many interesting possibilities, but Fig. 24 shows how for 
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example the cold junction may be made to consist (phys- 
ically) of one junction. This is of great advantage in multi- 
switch installations—one indicator connected to a number 

thermocouples. The electrical problems of such circuits 
have to be worked out, but in many recommended installa- 
been worked out by the manufacturer, so 
hat as far as the user is concerned the elementary or unit 
circuit is as simple as it looks in the figure. (Compare 


| 


rig. 18.) 


tions they have 


>. The Question of Instrument Resistance 
Chart I, 
need of a sensitive instrument. 


l. A thermocouple develops a feeble emf. (See 
ige 317). Hence the 
Pointer deflection depends on torque. 
ampere-turns in the moving coil. It is a matter of cu 
ent here, because the emf. is definitely limited. 
3. The lower the total resistance, the 
ivailable for the moving coil. But 


To. que depends 


higher the current 

1. With a low-resistance instrument, variations in line 
esistance produce incorrect temperature 
n the other hand, introducing a manganin series resistance 
f several hundred ohms “eats up millivolts,” 
emf. available for conversion into ampere-turns. 


indications—and 


reducing the 


as do extension leads made 
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Actual figures (from a discussion published by one man- 


ifacturer) are now given for two circuits: 
Rare-metal Base-metal 
t I tt ipl wher 
| yh | } 
| babl tion of thermocoupl 
tar jue t insertion t 
r leptl nd int fur 
tad rent te perature 1 ht O.01 oht 
tar pper | Lohr ( yhn 
I tar pper ¢ ! illi 
tmeter *Fohr ohms 
Dat I ! iIstance f 
id na ( i Tule to change In 
t pt Cc te perature 1 ohn Oo ohn 
bat 1 quent total hang 
it reu , istam } 1 yin 
M il 1 istar by add 
! { mar inin erie I 
tar n ler that bov 
I , tance low not 
1 1 f ti total resist 
I “ou hms 1‘ yh 
the couple it LSOO° FR, 10 millivolts 10 illivolts 
( nt flowing in 1 ing coil 
' tir t} torat (milliam 10 10 
,O5% i 1) i 
The “amperage” of the base-metal couple circuit is eighty 


times that with the rare-metal couple. (It is not quite right 


to compare the resistance relations of rare and base metal 


both at 1800 F. In practice the actual torque will only be 
thirty to forty times as large.) Here we must consider the 


practical problem of making use of the amperage while 


obeying Ohm’s Law: 
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Thin wire many turns 


High Resislance 
i ! WwW 1 
terial ft ! 
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This electrical dilemma is complicated by difficult prob 
of 
resistance 
tremely small: Friction then becomes so important a facto! 
to that general find that the high- 
resistance instruments the market are of the vertical 
coil type and only low-resistance indicators have horizontal 
realized with (high 
indicators more easily than 


ems practical instrument-making in the case of high 


instruments in which the available torque is ex 


be conquered in we 


on 
low-resistance 
with 


coils. Ruggedness is 


torque) high-resistance 
instruments—other things being equal. 

that high-resistance industrial in 
struments delicate. Witness the following quotation: 
“As proof of what instruments 
in the way of rough handling, we ship them without clamp- 
ng the moving system. The handling they receive in use is 
gentle compared with what they receive during shipment.” 


This does not mean 
are 
so constructed will stand 


Inasmuch as the ideal proportions of the various resist- 
a pyrometer circuit are unattainable, each manu 
has presumably worked out the optimum propor 


ances 1n 
facture? 
tions for circuits consisting of standardized thermocouples, 


extension leads, and millivoltmeter type indicators or re 
corde rs 

\ few litior notes on this subject 

) & lumel, constantan, nichrome ind) platinum-rho 

liu illo, ! e low temperature coefficients of resistivity iro 
ypper and platinur have high coefficients 

(2) Platinur nd alloys have a high resistance compared with 
opp Copper leads are not often used in rare-metal couple in 
stallatior where complete compensation is not embodied in = the 





( -designed high-resistance instrument of bes 


3) A properly 


is more rugged and more reliable than the low-resistance h 
tal-coil instruments. Some high-resistance pyrometer instri 
ire not rugged and can’t stand vibrations; some low-res 


not comparable with corresponding 
manufactured for electrical me 


instruments 
instruments 


pyromete 
trical 
ment purposes 

(4) The 
marked on 


are 


measuring 


resistance of instrument should — be 


its plate or seale 


every 
name 


6. Line Resistance Compensation 

It has shown that way to minimize e} 
caused by fluctuations in line resistance due to tempera 
fluctuations is to use high-resistance instruments. It 


been one 


is often advisable to take care of changes in. the lin 
sistance which occur in service. One obvious way is to n 
sure the line resistance from time to time with a Wh 


stone bridge, and to correct faulty conditions as they 
thus detected. This method is used in many plants wh 
by means of portable test sets, lines are frequently 
spected and kept in good condition, making it possibl 
use low-resistance instruments year after year rather 
isfactorily. 

This, not 
methods of compensation, both manual: 


however, is ‘compensation.” There are 

1. Using an adjustable series resistance. An instrum: 
made up with such a rheostat is calibrated for a new 
stallation of thermocouple and leads, with the resistan 
at its marimum value. The adjustable resistance is reduc: 
from time to time the line 
increase being determined by a portable test set. 

2. The Harrison-Foote method. This obviates the need 
a separate test set by a built-in arrangement of resistance: 
one of which is adjustable and in series with the line ar 


as resistance increases—su 


moving coil, and is set at its maximum value when thx 
instrument is calibrated. The arrangement is such that 
when the instrument is used for the first time the seri 


resistance can be adjusted by the reading 


the same with a push button (or key) open or closed; ai 


} 
3 A 


seeing that 


thereafter, as the line resistance changes, this series 1 
sistance is changed—the adjustment being convenient 
made the same way by seeing that the readings are th 


This device is usefu 
different line resistance, a 
series rheostats being used as there are thermocou 


to the 


same with the key open or closed. 
for multiple installations of 
many 
time 


being adjusted from 


manner described. 


ples, and each time in 


7. Reference Junction Compensation 

Any uncompensated variation in the reference tempera 
ture will cause a corresponding error in the indication 
the measuring junction temperature. As with the line r¢ 
sistance variation (which is less serious) we can do tw 
take care of the reference junction by keeping 
at a constant temperature, or let 


for variations. 


things: 
it fluctuate but compensati 


To keep the reference junction at a constant temperatu! 
it must be moved away from the terminal head of th« 
mounting (by extending the thermocouple explaine 
above) to where we can locate it at will. There are severa 
ways of keeping it within a few degrees’ variation. F 
checking and testing purposes in the plant, as well as fo 
scientific work in the laboratory, a thermos bottle fille 
with cracked ice is best, for it gives the ice-point referenc 
within a fraction of a degree and makes possible the m« 
accurate work. For some installations the cold end may | 
buried—down a pointed pipe driven 10 ft. into the grou: 
Thermostat-controlled boxes are also in use. 

None of these methods, however, is “compensation.” The 
are two distinct methods of compensation—manual or aut 
matie. 

(1) Manual compensation: The circuit is opened, tl 
pointer or pen-arm is set to read the temperature of tl 
reference junction, which in the simplest case will be th: 
of the instrument, and the circuit closed for work. The 
strument is at the temperature (except when 
lessly located) but in order to eliminate guesswork a simp 


as 


room cal 


\f 














ometer may be embodied in the instrument, as illus- 
in Figs. 25 and 26, the former showing a device 
obviates close examination of the scale. 


5. Bimetallic coil ther- 
er by means of which 
yicmeter pointer is ini- 
set. (Brown Instrument 
any). 
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Fig. 26. To aid in setting 
for temperature of cold 
junction located in instru- 
ment case, some makers 
supply, on request, a ther- 
mometer such as the one 
shown. (Taylor Instrument 
Companies), 








2) Automatic compensation is obtained in many differ- 

nt ways in the laboratory, but in the plant there are three 
important methods: (a) mechanical, (b) magnetic and 
(c) electrical. 

a) Mechanical Device 

Fig. 25 suggests a simple mechanical automatic method: 
interposing a bimetallic spiral between the moving coil (of 
the usual type of electrical instrument) and the pointer or 
pen-arm, in such manner that with the circuit open the read- 
ing will be the reference-junction temperature. This method, 
introduced in the U. S. by Bristol, is used in several makes, 
and compensates not only for cold junction variations but 
also for the temperature coefficient of the instrument itself, 
which results mainly from the change in the strength of the 
spring and the resistance of the copper moving coil. It is of 
course impossible for the bimetallic coil to compensate e.r- 
wctly for both, because while the cold junction error does not 
depend on the temperature being measured, the resistance 
error is closely proportional thereto. 


Magnetic Shunt 

The magnetic shunt automatic method is ingenious: just 
a small block of iron on a thermostat spring which brings 
it closer to or farther from the poles of the instrument mag- 
net as the temperature varies, affecting the strength of the 
field and hence the effective torque of the coil. 

¢) Electrical 

Unlike the electrical method of compensation for line re- 
sistance, which requires manual operation, the electrical 
method for reference junction temperature compensation is 
fully automatic. The ideal method would be to insert a series 
esistor made of a material having a negative temperature 
‘oefficient of resistivity. Such materials are rare, not com- 
mercially standardized and otherwise impractical to use at 
present. However, a fair equivalent of this future method 
s to use in an auxiliary circuit a material having a high 
temperature coefficient of resistivity. Fig. 27 is a diagram 
f the Foxboro bridge compensator. Three sections of this 
‘ridge are resistances composed of materials of constant 
resistance. The fourth section is of material having a high 


temperature coefficient. The resistance changes of this com- 


pensating coil, which is located in the reference-junction 
zone, alter the relationship between the sections of the 


bridge, 


causing the current from a dry cell battery, con 


nected across the bridge, to correct the thermocouple emf 


electrically in accordance with the changes of the cold 


junction. 
end are both located at the instrument.) A rheostat in t 
battery circuit is used periodically to adjust the batte 





current, and a switch connection permits checking t 
rheostat adjustment, using the pyrometer millivoltmete? 




















measure the battery adjustment to a check point on t 
scale. 
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Fig. 27. Electrical method of cold-junction 


compensation (Foxboro Co.) 


With or without cold-junction compensation it is alway 
necessary to maintain all connections which make up tl 


reference junction, at the same temperature. 

When an instrument embodying automatic compensa 
is exposed to radiation from a furnace, the terminals, 
they are not enclosed in the instrument case, may be at 
much higher temperature than the inside of the instrume 
where the automatic compensator is installed 

This same source of error will give the same troubl 
the reference junction is not located at the instrument 

The largest errors, in both cases, will occur if 
the instrument is at a higher temperature than the 
side, for the rule of symmetry is badly violated 


Fig. 28. The essentials 
of the most widespread 
form of permanent-magnet 
moving coil measuring ele 
ment. (Westinghouse Elec. 
G& Mfg. Co.) 
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8. Examples of Millivoltmeter Pyrometers 


Preceding sections have brought to light some inst 
ment characteristics and their influence, but without 
scribing the instruments. In thermoelectric pyrometry t 
millivoltmeters are of the electromagnetic type know1 
permanent-magnet moving-coil. Fig. 28 shows the genet 
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(This temperature-responsive coil and the cold 
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Figs. 29-31 show 


“movement” 


arrangement, and 


examples, of what is 


commonly called the the assembly which pe. 


| ms the same 


function of measuring by deflection whethe) 
in a tach 


Is embodied ina 


voltmeter or an ammeter (01 


meter, a flowmeter, a pyrometer, ete... .) 























hundred 
moving-coil 


More than a 
nent-magnet 


companies manufacture pe¢ 
millivoltmeters — of all 
from the cheap mass-production indicators on an aut 
bile instrument board to the laboratory standards s¢ 
for more than the price of a small automobile. The g 





rhe names ammeter, voltmeter and wattmeter signify of the millivoltmeter movements incorporated into ir 
different instrument circuits including measuring element trial pyrometers do not extend to these extremes. Th 
is associated shunts, resistors, ete. (The wattmeter ele dustrial “miniature” millivoltmeters are immensely sup 
ment, | ever, has a field coil instead of a permanent to the automobile instruments of corresponding: sizes 
( » we need not consider it here.) The names tach particularly mention these miniature pyrometer it 
ete mete etc., imply applications—external cit ments because they are the only ones that can and ma 
, enera efer to electrical instruments whose used with different couples by merely changing the s 
ed and graduated for special purposes. resistance. In other words, when the emf. deviations { 
——— OOO -—" — —__—__ 
~ 
Iwo MOVEMENTS AND A MEASURING ELEMENT OF TYPICAL MILLIVOLTMETERS 
Fig 29. Cut-away Fig. 30. Close up of Fig 31. Complete 
view of spring-support conventional double-pivot measuring element of 
ed vertical-shaft move movement of millivoltme a horizontal-shaft in- 
ment (The Foxbor ter (Taylor Instrument strument. (Ro/ller-Smith 
( ) Companies) Coa.) 
rhus a moving-coil type measuring element, such as the a straight-line relation are actually smaller than the “read 


Fig. 31, could be used to measure emf. or 
ent. To measure emf. it is put in a case with a manganin 


is calibrated in millivolts 


ne shown in cur 


in series; and its scale 
instrument binding-posts for a given value of 
its scale to indicate thermo 


resisto! 
across the 
external-circuit resistance. For 
couple temperature, there are two principal modifications: 

1. The instrument 
and length of 
scale is calibrated to read measuring-junction temperatures 
vith the junction at a given temperature (either 
22°F. or say 75°F.). This original calibration will usually 


having been connected to a given type 


couple having a given cold resistance, the 


reference 


be based on a definite “thermocouple immersion,” i. e., a 


definite ratio of length at 
temperature to length at 


measuring-junction 
temperature, 


double-wire 


double-wire room 


henee a definite variable external-circuit resistance. 


2. The usual instrument bimetal compensator (which 


( ects only for the instrument temperature) is replaced 
reference-junc 


(Note 


some high-grade in 


supplemented by one which corrects for 


tion temperature as explained in Section 7. howeve} 


that this may be purposely omitted in 


struments, the ice-point reference being used. ) 


The result of 
yvrometer. If it 


esistance Will 


these two modifications is a thermoelectric 


is to be used with couples and leads whose 
further 


Other optional 


vary uncontrollably, it may be 
equipped with a line-resistance compensator. 
added. The 


however, is that the scale of the 


eatures may be main point to bear in mind, 


millivoltmete 
relation of one 
to Chart I (page 317) 

the curves of different couples differ not only 


now con 


forms to the temperature-emf. type of ther 


mocouple. References will show that 


in slope but 


in linearity. Theoretically, a pyrometer instrument cannot 


be “universal” and “‘accurate.”’ Actually, the situation modi 
fies the theory. Here is why: 
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ability” of a small instrument, there are no practical rea 
sons against interchanging couples—provided only that th 
user will not use a magnifying glass to read closer tha: 


¢ 


about 3° of the scale range. 

$y the same token, a large millivoltmeter with anti-pa) 
allax mirror, which can easily be read to 0.2% of its scale 
range, may be made up with several scales, each calibrated 
for one type of thermocouple. The mirror-seale feature ge 
eraliy signifies a laboratory grade instrument, but a labo 
ratory grade millivoltmeter designed for checking various 
couples in a plant will certainly not be designed to sell fo 
the price of an automobile. 

One more pertinent fact: The high-grade movements ar 
made by four or five firms, but they are incorporated i1 
the pyrometers of forty or fifty companies which manu 
facture temperature instruments rather thar electrical 1 
There “electrical-and-tempera 
ture” which certain 
millivoltmeter movements (other than their own) in 
of their own pyrometer outfits. 


struments. are even large 


firms use types of highly-developed 


some 


interest to industrial 
years after this 
word-picture in the preceding paragraphs 
obviates the need of including several pages of figures an 
Figs. 32 to 38 are designed, therefore, to bring 


distinct 
twenty 


This situation, of 
not likely to 


users, 
change for book 


published. Its 


captions. 
out the influence of applications rather than the details o 
instrument constructions. 

For the plant instrument department’s calibrating room, 
a high-grade millivoltmeter, though not as accurate as a 
potentiometer Section 9) may be preferred to the 
latter for reasons of convenience, etc., particularly in a 
plant lacking constant-temperature furnaces—because sucl 
a millivoltmeter small temperature variations 


(see 


can follow 












shows 


D he 


a millivoltmeter with mirror-scale, cobalt 
et, 


electrostatic and magnetic shielding and other 
atory features, which nevertheless is portable and does 
equire critical leveling 


adjustment. Its coil resistance, 


2? 


Portable lab- 


millivoltmeter 


ter, the electri- 
movement ot 
is made by the 

Electrical In- 


ent Corp. This is 


tively large (8” 
e ) model (The 
Coa.) 





16 ohms, is designed for 20 ohms per millivolt. It is avail 
le in double-range models, with its 5! seales calibrated 
millivolts or for the temperature-emf. curves of 
lized thermocouples. 


stand 


al 


Horizontal-shaft instruments, though seldom made up fo 


the highest precision, can be constructed as portable testers. 
The one shown in Fig. 33 has its measuring element spring 
suspended within the outer case. 


Fig. 33 Shock-proof”’ 
iboratory grade millivolt- 
meter in which the coil 
pivots and jewels are vi- 
bration-resistant and _ the 
entire measuring element 
spring - suspended within 
the outer case. (I/linois 
Te sting Lahoratorie 3.) 








side) for connecting 


the leads have 







been made as large is 
possible within the available space. 

Somewhere between these extremes of equirements are 
those of ‘general testing of transformrs, ovens, appliances 
etc.” The outfit shown in Fig. 35 was brought ut 11 4 

Fig. 35. Portable general-pur 
pose millivoltmeter pyrometer 
(J-B-T Instruments, Ini 

to meet such requirements and others around the plant 
The millivoltmeter has a 2°%s" scale graduated for a 42 
flexible iron-constantan thermocouple with small tip, whic 
is coiled up in the coat-pocket-size outer case 











Fig 36 Diesel-engine ex Fig 37 Example t f 
haust livoltmeter pyrom ZEW SE design {fm I 
Fig 34 Diesel-en ee Bee wid a : h mount r a shaft measut ; I 
gine exhaust millivolt- Ni saat 7 pics a iescuehanek ‘dic ha atavinmied. Sonia cers 
meter pyrometer_ for 5 aide attri? Sie ” 1 = Att * e 
; : (B fre ( g La 
flush mounting in t1n- 
strument board of ve- 
hicle, boat small 
plant. (I/linois Testing 
Laboratories.) [wo multiple-circu switchboard n tmeters 
shown in Figs. 36 and the first has ! shaft 
movement; the second has a ertic Snatit 1 é t Du 
note that it differs from the Fig. 32 bench instrument 
dgewise”’ construction. 
Fig. 38. The Hold 
leet Pyrometer iin 
Lance Russe €< _ — 
Obviously different are the characteristics desired in a mee 
multiple-thermocouple pyrometer for the small diesel en- 
gines of trucks, motor-boats, buses, construction-job light- 
ng plants, etc. Here small size is the first requirement and Where light weight is the chief requirement, as in the 
lose readings secondary. Fig. 34 shows a pyrometer and a “lance,” prod,” ‘sword’ and other portable | meters 
six-point selector switch (up to twelve points available) miniature instruments (as in Fig. 38) do much t xtend 
all contained in a case of which the extreme diameter is the scope of pyrometry. This is one reason why n t 
four inches. Note that the contact areas (at the right-hand meters outnumber potentiometers by three to one n 
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9. The Potentiometer Circuit 


The Millivoltmeter Circuit because the ibjects ap 
ble to both types of reuits will not be repeated here) 

For precision work the potentiometer is preferable to 
the millivoltmeter. First, it may be more sensitive: its scale 
range may be as short as desired. But even more impot 
tant, the potentiometer method makes it possible to mea 


ire the emf. deve oped by the thermocouple, regardless of 


variations in circuit resistance, length of leads, and certain 
ther electrical conditions which may affect the reliability 
‘f millivoltmeter readings, especially after months of st 
vere ndustrial service. 


The potentiometer circuit s one in which an unknown 


emf. is opposed to a known emf., standardized by means 
fia tandard cell, and resistances adjusted until there 

a negligible flow of current at the moment of measuring. 
(This applies only to the true null-method potentiometer. 


In a deflection potentiometer a part of the emf. is unbal 
anced, and measured in the usual way by its effect on a 
moving coil.) 

Now consider what this means in thermoelectric pyrom- 
etry. Say we have a 30” rare-metal couple. We want to 
measure the uniform temperature of a furnace. A milli 
voltmeter may read 20°F. higher when the thermocouple 
s immersed a few inches than when it is immersed all the 
way—the reason being the increased resistance of the ther 
cocouple wires which form part of the circuit. With a 
null-method potentiometer there can be no difference in the 
two indications. 

It must not be inferred that potentiometer pyrometers 
will ultimately drive out millivoltmeters. The latter, in their 
convenient and satisfactorily accurate modern forms, serve 
an increasing number of applications in industry where the 
greater initial cost of the potentiometer is not justified. 
However, for all applications where variations in external 
circuit resistance cannot be avoided, and where accuracy to 
1% of the instrument scale range is desired, the potentiom- 
eter should be adopted. 

Electrically, there are three types: the true potentiom- 
eter, the semi-potentiometer and the deflection potenti- 
ometer 

Morphologically, too, there are three types: bench (with 
or without galvanometer and other appurtenances), port 
able, and switchboard. 

Industrially, there are two types: manually-balanced and 
self-balancing. Recorders and controllers must be self 
balancing 

Apart from these classifications there is still another, 
based on the ohmic value of the potentiometer resistance 
proper. This corresponds in order of magnitude to that of 
the measured emf’s, so that for thermoelectric pyrometry 
where we seldom deal with more than a tenth of a volt we 
may use what are known as “low-resistance” potentiom 
eters. The dividing lines are not sharp; but “low” generally 
means 000 ohms or less and “high’’ 2000 ohms or more. 

The importance of these various classifications will be 
brought out later. First, there will be described the simple 
potentiometer circuit and its development into that of the 
typical industrial pyrometer with compensation, ete. For 
this purpose a set of six diagrams prepared by the Leeds & 
Northrup Co. will be used: 

Fig. 39 shows the wiring of the potentiometer in its sim 
plest form. The the rmocouple is at H, with its polarity as 
shown by the symbols and . It is connected with the 
main circuit of the potentiometer at the fixed point D and 


e movable point G. 


\ current from the dry cell BA is constantly flowing 
ugh the main circuit, ABCDGEF. The section DGE of 


circuit a slide wire. The temperature scale is fixed 

t slide re. The current from BA as it flows through 
GE sets up a difference in potential between D and E. 
There also be a difference in potential between D and 
er points on the slide wire. The polarity of this is in 
position to the polarity of the emf, of thermocouple which 


connects into the potentiometer at D and at G. By moving 





G along the slide wire a point is found where the pot: 
between I) and G in the slide wire is just equal to the 
generated by the thermocouple. A galvanometer in the 
mocouple circuit indicates when the balance point is rea 
since at this point the galvanometer needle will sho 
deflection. 

The potential in the slide wire will vary with the 
rent flowing through it from BA and a means for st 





ardizing this is provided. S.C., Fig. 40 is a standard 
whose voltage is constant. It is connected to the potent 
eter circuit at two points D and F by closing the cor 
shown between S. C. and Galv., whenever the potention 
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current is to be standardized. The galvanometer is then 

series with S.C. Variable rheostat R is then adjusted unti 
the current flowing is such that, as it flows through the slide 
wire DGE and the standard resistance EF, the fall in poten 
tial between IT) and F is just equal to the voltage of th 
standard cell S.C. At this time the galvanometer will ind 
cate a balance in the same way as when it was used wit! 
a thermocouple. By this operation the current in the slid 
wire DGE is standardized periodically after which thi 
standard cell is disconnected and the thermocouple con 
nected by closing the contact shown between Galv. and thi 


side of H. 


Reference-junction Temperature Compensation. The value 


{ 


of the balancing potential is controlled by the position o 
G. Make D movable as shown in Fig. 41, and the magnitud 
of the potential DG may be varied either from D or G 
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Fig. 41 Fig. 42. 


This gives a means for compensating for cold junctio) 
changes by setting slider D along its scale until it corr 
sponds to the known temperature of the cold junction, an 
then the potentiometer is balanced by moving slider G. Th 
readings of G will then give the temperature of the hot 
junction directly. 

The same results will be obtained if another slide wit 
upon which D bears is placed in parallel with the slide wir 
of G, as shown in Fig. 42. Such a slide wire, with a tem 
perature scale fixed upon it, forms the manually operate 
cold junction compensator. 

It should be noted that the effect of moving contact D 1 
either to increase N and decrease M, or to decrease N an 
increase M; in other words, the ratio between N and M i 








d. In indicators and recorders employing the automatic 
unction compensator, the ratio of N to M is varied 
natically, in the following manner: 

int D. Fig. 48, is mechanically fixed; on one side of 
constant-resistance coil M; on the other side, at or neat 

‘old junction, nickel coil N. Nickel has a high tempera- 
coefficient and the electrical proportions of M and N 
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are such that the resistance change of N, as it varies with 
the temperature of the cold junction, has practically the 
same effect upon the balancing potential between D and G 
that the movement of the point D has in the hand operated 
compensator. 

Fig. 44 shows a modification to meet the condition where 
the cold junction is located at some point distant from the 
measuring instrument. 

Factors Bearing on Accuracy 

The accuracy attainable with a potentiometer is founded 
n the balance method and it therefore depends on the elec- 
trical equivalents of precision weights. In a bridge, the com- 
parison standard is a set of resistors. In a potentiometer, 
(1) an ultimate reference standard: the 
emf. of the standard cell; (2) a working standard: usually 
the periodically adjusted emf. from a battery or other con- 
venient source; and finally (8) a means of balancing emf’s: 


however, there is 


the set of resistors. 

The reference standard is the emf. from a standard cell, 
which is a small voltaic cell of the cadmium type and of the 
H form. There are two makes: Weston Electrical Instru 
ment Corp. (Newark, N. J.) and Eppley Laboratory (New- 
port, R. I.) Both makes have qualified as the International 
Practical Standard for the physical embodiment of the In- 
ternational Volt. The emf. of a standard cell is a little over 
one volt, the exact value being certified (to a few millionths 
of a volt in the laboratory standards, to 0.1 millivolt in the 
ndustrial models). The temperature coefficient is negligible 
n practical work in the plant. Electrical authorities rec- 
ommend that three laboratory standard cells be 
each calibration laboratory and that each be sent once a 
year to the standardizing laboratory. 


owned by 


We have seen in Chapter VII that the resistance ther- 
nometer is the most accurate temperature-measuring device 
oil-immersed Standard (and of 
good quality precision resistors) are commercially available. 
The precision of the resistors embodied in potentiometers 
for thermoelectric pyrometry, however, is largely governed 
by the total price, size, weight, etc., of the complete instru- 
ment. A portable potentiometer must be portable; and a 
switchboard type automatic self-balancing recorder-control- 
er represents a considerable investment without a sing 
resistor. Now, then, one of the famous high-precision Eppley 
otentiometers with thermostated motor-stirred oil bath, oc 
‘upies a small table-top and sells for more than a “de 
small ear. This is the easily attainable 
fourth-decimal accuracy of the potentiometer method car 
not always be realized in the use of industrial potentiom 
ters for thermoelectric pyrometry. 

Moreover, while the moderate-price bench potentiometers 
ised in the plant calibrating room can be reasonably (01 


because Resistors course 


luxe” 


one reason why 


even wholly) free of adventitious emf’s, this is not true of 
the 

small and light; the switchboard instruments embody 
heat 


the other two types: portable potentiometers must be 
sucl 
sources as electric motors, lamps, electron tubes, ete., 
as essential parts of otherwise marvelous mechanisms. Most 
of the inexpensive portable potentiometers, and most of the 
self-balancing instruments, are somewhat haunted by “ghost 
Users should spare ef 


currents” or adventitious emf’s. 


fort to keep the many junctions at uniform temperature 
Galvanometers. In laboratory work a galvanometer usua 
ly is an instrument in itself. Being designed for utmost se! 
sitivity (10 amp. 1s not uncommon) it requires a specila 
suspension and careful leveling. In recent years the i 
creased demand for galvanometers suitable for use in indus 
trial pyrometer department has resulted in radically new 
designs. These instruments are suitable for use with the 


bench potentiometers and 
trial departments are equipped. 
is the self-contained “Spotlight” 


with which such indus 


bridges 
Among numerous examples 


galvanometer, Fig. 45, in 
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Fig. 45. Selt-contained reflecting ga 
vanometer which includes light source 
ind screen. (T/ Rubi ( 











which the multiple-internal-reflection principle gives r| 
path 30” long. The visible indication on the frosted glass is 
a spot of light with a diametral sharply-focused line. The 
period is two seconds for microvolt or microampere sens 


tivities. 
In process temperature measurement and cont. 
] 


however, a galvanometer usually is a seldom 


nent of a self-balancing potentiometer or bridge. Being dé 





signed and constructed for switchboard service, it is < 
all a small and rugged device. When a galvanometer is 
merely employed as a galvanoscope—as the unbalance 
detecting element in the industrial-instrument measu 
system of which it forms a part—it does not measure th: 
temperature: its function may be likened to that of a mag 
nifying glass for reading the vernier of a high-grade su 
veying instrument. However, in some industrial electrica 
temperature instruments, the element frequent ferred 
to as the “galvanometer” is not only a measuring element 
but the measuring element. Actually, it is a milliammeter, 
a millivoltmeter, a microammeter or a microvoltmete 
a calibrated measuring element—most frequent the 
permanent-magnet moving-c type. Note evi that 
whereas most measuring elements of this type en lied 
ordinary deflection instruments are side-zero, most of 
must be zero-center whe! c rate n? met 
cording or controlling systems. An easily-accessible ng 
knob or screw is provided, but in spite of this } Vis t 
galvanometer must be much more stable than a laborat 
galvanomete} ch is under the direct obse t f the 
user. 

In addition to smallness, ruggedness and sta is 
trial-instrument galvanometers must meet the short-period 











requirements of high-speed multiple-point recorders, auto 


matic control systems, etc. 


These four attributes characterize the galvanometers pro- 


duced in quantities for well-known makes of industrial 


potentiometers. Such galvanometers are the equals of labo 


vanometers in nearly all properties other than 


\W ner 
users of elaborate industrial instruments, it generally turns 


ravory val 


“gvalvanometer trouble’ is reported by 


sensitivity 


it to be due to faulty incorporation or installation. 


Krom the preceding paragraphs it would appear that all 


potentiometers must embody a standard cell and a galva 


meter. This is not an essential requirement. In some in 
lustrial potentiometers there are substitutes which perform 
the corresponding functions. For example, instead of a 
tandard cell there may be any one of a number of different 
levices based on the use of regulated voltages or currents. 
Such devices may be simple arrangements of resistors hav 


1iZable 


characteristics (the “lamp bridge” is one of 


them) they may be elaborate automatic regulators ex 


ternal to the potentiometer. As a rule these substitutes fon 


purpose, namely, a reference 


standard cells serve the same 


And 


may be a microphone, or there may be an electrical or elec 


‘standard” of emf. instead of a galvanometer there 


tronic device characterized by total absence of mechanical 
movement. In eithe: the substitute for a galvanometer 


serves exactly the same purpose, namely, unbalance detec 


Cast 


tion. Therefore, the use of such unbalance detectors does 


not introduce errors in practical pyrometry. 


Semi-potentiometer.—In the semi-potentiometer no cur- 
time when a measurement is performed, 
but the value of the emf. is obtained from a deflection in 


strument in the circuit. The thermal emf. is opposed by 


another emf. from any convenient source such as a battery, 
and the state of balance indicated by a galvanometer. The 
»pposing emf. (which is then equal to the thermal emf. 


because couple and lead resistance variations play no part) 

ead on a millivoltmeter. Advantage: no current flowing. 
Limitation: the accuracy of the deflection instrument—not 
its original accuracy, but its accuracy at the time 


o mucl 
the measurement is made. Much depends on the user’s care, 
deflection 


al vhen one instrument serves two pul 


j 


Detlect 


that no cul 


Potentiometer. 
rent flow at the 
circuit we 


The true null-method requires 
moment of measurement. But in 
to balance the require a galvanometer. Let 


ral 
rae 


is then call the galvanometer a millivoltmeter or micro 
and calibrate its scale in degrees 
Bureau of 


which the 


oitmeter (which it 1s) 
referring to the Standards’ 
couple with 


the microvoltmete: 


f temperature by 
curve for the 
ised. We car 
of ter 
ture at which the 
potentiometer. 


instrument is to be 


make scale cover a range 


degrees or even less, with its center at the 


tempera 


circuit balanced. Such, in brief, is the 


10. Examples of Manually-balanced Industrial 
Potentiometers 


! poter bri Ww be cribed 
ni bet rt t The follow 
! he pr i pyr tt View] nt. Fine point 
{ will r t be IS¢ ed I nr ! t wl I ven the cir 
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Bench Instruments. 

Well-known for a quarter-century, the Leeds & Northrup 
potentiometers are slide-wire type, bench form, 
The essentials of their circuits were brought 
39 to 41. The circuit of “Type K-2” is shown 


series “K” 
nstruments. 


out in Figs. 
In the popular makes of portable potentiometer pyrometers 
which embody cl standards the uncontrollable variations of 
i 1 iy amount to 0.3 during a single one-minute 
observation, The total uncertainty or variance may be 
neariy a hundred times greater than that of a portable type stand- 
ird l nore than a thousand times greater than that of a 
laboratory type standard cell Such substitutes may therefore 
ntroduce errors In the measurement of thermocouple emf’s 
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in Fig. 46. This instrument has three ranges: 0-0.016, 0 
and 0-1.6 volts. Note in the lower-center the 200- and 

ohm either of which may be used as dan 
shunt for whatever galvanometer is used. A structura 
ture is the absence of plug contacts. 


resistors, 
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A recently brought out laboratory potentiometer embod: 
ing special refinements for work with thermocouples is t 
Rubicon Co.’s three-dial ‘‘Type B” which several large 
dustrial temperature instrument manufacturers use f 
standardizing and calibrating their pyrometers. Among thi 
features of the circuit (Fig. 47) are a new compensatio: 
circuit in which only 10% of the ‘‘main potentiometer” cu 
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flows through the second dial switch. Spurious emf’s ments for aircraft use (Figs. 50 and 51) and for service 
inimized by other features, among them the provision where severe vibrations ar¢ present. As seen in Fig. 50, 
second slide wire, electrically identical with the main there is no standard cell: the substitute, known as “Thermo 
wire, the two being arranged to satisfy the rule of Cell,” is a heater and thermocouple in vacuum. having 
etry; also structural features such as beryllium cop- — sharply-inflected curve of heate1 ‘current to thermocoupk 
binding posts, gold contacts on bronze leaves, ete., as emf. whereby a “standard” emf. is available. The “pocket 
mended by the National Bureau of Standards. size’ instrument show n Fig. 51 weighs 4 lbs 
requires no leveliz 


} 


le Potentiometers. 

the lower part of Fig. 48. which is the circuit of the 
vn Instrument Co.’s Portable Potentiometer, there is 
a switch for quickly checking a working couple against 
unt standard couple. This identifies the chief } 
e instrument, which includes a standard cell and a 
anometer. Its range is 72 millivolts. The slide-wire seal 
aduated in 0.05 millivolts in 1/16” divisions 
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4 To Deflection An outside view is shown of the Wheelco Instrument ¢ 
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Thermocoupes Instrumert ae 5 ‘ 
portable potentiometer, Fig 2, because it brings out the 
sn i A 
unique arrangement of the slide-wire drum. This tf 
ws : a 1 true potentiometer, employing a standard ce Reference 
rhe circuit of the Thwing-Albert Instrument Co.’s **Treas- unetion compensatior fe 
ire Chest” is shown in Fig. 49. This outfit includes a poten- 
tiometer and an auxiliary source of emf. and associated -1~ 
circuit whereby deflection instruments may be calibrated up fA \ 
} } . en — -_ —(C) 
» 101 millivolts, and resistances of pyrometer circuits - oe mile ee. ~ 
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Since 1935 the number of makes of ortabie potentiom- as a ceret 5 i 
ters has quadrupled if not quintupled. The new entrants ments, Inc. In the latter case, of course, it st be 
the field seem to go after “difficult” applications. The nly with the thermocou I t t S 


Lewis Engineering Co., for example, brought out instru- has been calibrate 















TABLE IV. PRINCIPAL CHARACTERISTICS 





OF THERMOELEMENTS 


(Exclusive of temperature-emf relations, for which see Chart I) 























Where two temperatures are given, higher is for thickest wires and lower is for thinnest 
commonly available. Degrees are FAHRENHEIT 
Pt Copper Iron Chromel Chrome 
Couple 
Pt-R} Constantan Constantan \lumel Copel 
Lowest temp. for Approx \pprox \pnrox \pprox 
satisfactory re 100 100 100 104 
sults (1) 
Highest temp. for 350 600 1200 600 
good results to to to to 
BARE couple in 560 200 2000 1000 
ill 
Highest temp. for 600 1000 
good results, to to 
BARE couple in 1200 2000 
molten metals 
Highest continu 2400 350 700 1200 TOO 
ous temp. for good to to to to to 
results, usual pro 3000 650 1560 2000 1100 
tection (2) 
Reproducibility excel- Depends Depends Excel- Good 
(3) lent on on lent 
constantan’ Sources 
Resistance to cor- Perfect Fair Fair Good Good 
rosion (normal 
use) 
Resistance to oxi- Perfect Fair Fair (00d (;ood 
dation at highest 
temp.) 
Standard diame- B.S.gages B.S.gages B.S.gages B.S.gages B.S.gages 
eters of wires 30 to 20 36 to 2 32 to 2 30 to 2 30 to 2 
$2.00 per $1.50 $2.50 $2.50 $2.50 
Approximate cost inch of per lb per Ib pe r lb. pel lb 
of best wires 24 gage 
couple 
Especially useful Standards Low Oxidizing 
for ind preci tem- atmospheres 
sion work perature 
on Not recommended Use with Reducing 
Fig. 55. Purposely shown here twice as for silica tubes itmospheres 
irge as in maker's catalog—to emphasize 
importance of good contacts in pyrometry es : . - 
(1) Thermocouple tip being measuring junction; and reference junction the hotte 
Special connections for thermocouples of the two. ‘ 
The Bristol Company). (2) Temperature of the elements—not necessarily temperature to be controlled. Set 
text 
(3) Reproducibility or interchangeability Uniformity of electrical characteristics it 
rder that successive purchases of wire wil! have same characteristics. 


10. Thermocouples 

toward standardization of thermocou- 
ples, in that a few industrially successful thermoelements 
emerge as industry’s favorites while others are relegated to 
unusual applications. But when it comes to the mechanical 


There is a trend 


construction of mountings and accessoru sg. variety grows 
with almost 
is a healthy situation: 


greater every new catalog. On the whole this 


(a) Little choice cf elements, so that users are not em 
barrassed when faced with making a decision; 
(b) A pleasantly wide choice of constructions for all im- 


portant applications; 


(c) A growing number of “specials,” each made to order 
fo. industry or 


(These include complete 


some standardized piece of equipment. 


indicating systems, quantity-built 
and assembled, consisting of thermocouple, cable and milli- 


voltmeter indicator—all “ready to use”). 
Chermoelements 
Every conceivable pair of materials has limitations as 


well as definite advantages. In the laboratory, one can select 
any two materials, buy or make thermoelements, work out 
a circuit, handle the cold junction and calibrate an instru- 
ment for use with that one particular couple and circuit; 
in the plant this procedure violates all canons of scientific 
management. Interchangeability is essential for production 
work, and the chances are against unusual elements being 
so reproducible that the instrument scale will not need re- 
calibration for each individual couple. The elements on the 
market are standardized and almost perfectly interchange- 
able within each type (See Table IV). The commercial in- 
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struments come with indicating scales and printed recorde 
charts graduated in degrees of temperature and read o 
record correctly for particular types of thermoelements 
which are believed to be the most suitable, all things con 
sidered. 

The thermoelements on the market are as follows: 


1. Rare-metal 
being available in two compositions: (1) 90% 


Platinum to platinum-rhodium, the allo 
Pt. and 10% 


Rh., (2) 87% Pt. and 13% Rh. 

(Reason for two compositions until the National Bureau 
Standards settled the matter, it was believed that there were tw 
‘types’ or “classes” of Le Chatelier (90-10) couples. One w 
found to contain impurities. It ceased to exist as a “type 
‘class To take care of the many instruments calibrated for 
the 87-13 was developed whence more sales of couples, then 
instruments, then of more couples, and so on.) 


Ninety percent or more are iron-constal 
Other combina 


2. Base-metal 
tan, chromel-alumel, or copper-constantan. 
tions are giving satisfactory service and there is no inte) 
tion to recommend against their use. 


(The 


Copnic, etc., are 


“Copel,” “Advance,” “Ideal 
copper-nickel alloys, the exa: 
ingredients bei 


‘Constantan,” “Cupron,” 
trade 


two metals 


terms 
names for 


proportions of these and of additional 


such as to give the curve wanted by particular pyrometer mart 
facturers. ‘‘Alumel” is mostly nickel, “Chromel” too but with abs 
10 chromium. ) 


3. Graphite to silicon carbide. This couple, announced 1 


1933*, was developed particularly for the pyrometry 0 
liquid iron and steels. 

*G. R. Fitterer. A New Thermocouple for the Determination 
Temperatures up to at least 1800°C, A.J.M.E. Transactions, \ 
105, 1933, pages 290-301. 

Also A.I.M.E. Transactions, Vol. 120, 1936, pages 189-216 

Also Tron Age, Vol. 140, July 22, 1937, pages 38-40. 




















Chart I. Temperature-emf. relations [ 
| 
} 


(Reference junction at 0°C. in each case) 


(Originally accurate within width of lines, but allow for vagaries of the ph _ 
ngraving process, and for hygroscopicity of paper, if magnifying glass is used 

Thin (and dash) lines: Emf's of individual THERMOELEMENTS with 
reference to Platinum. Plotted from National Bureau of Standards tab'es. — 


Scale 100 millivolts 1 inch. 

Medium lines: Emf’s of rare-metal COUPLES, i.e., the two standard- 
ized platinum-rhodium alloys, each with reference to Platinum 

Thick lines: Emf’s of base-metal (and C-SiC) COUPLES. Intended to 
serve as quick references for rough values, and to show the more pro- 


























nounced non-linearities. 
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The characteristics of interest fall into two classes: 

(1) The temperature-emf. relation. This is given in 
Chart I. 

(2) Service characteristics. The principal ones of these 
are given in Table IV. Others follow: 


General Notes. (1) The thermal emf. of an individual 
couple at any temperature difference between its two junc- 
tions depends to some extent upon the history of each ther- 
moelement: the original refining, melting and alloying 
processes, the hot- and cold-working operations employed by 
its manufacturer, the final heat-treating processes, etc. 
Hence the common proviso, “from lot to lot,” in references 
to reproducibility of the temperature-emf. curve. Up to the 
early nineteen-twenties, it was almost hopeless to expect re- 
producibility ‘from source to source.”’ The situation has 
been improved so much by the National Bureau of Stand- 
ards that different sources agree better today than different 
lots from one source did shortly after the First World War. 

(2) The term “accuracy” generally refers to agreement 
with a given curve, which may be the manufacturer’s own 
curve for the particular couple. This applies only to base- 
metal couples today, but note that all old literature (text- 
books and manufacturers’ publications) gives statements 
and curves no longer true today. Unfortunately, there is no 
definite date separating “old” and “new” literature, because 
standardization has been gradual and is still going on. In 
doubtful cases, look up the latest National Bureau of Stand- 
ards’ publication on the uncertain point. 

(3) A couple suitable for use in oxidizing or reducing 
atmospheres at “safe” temperatures should be used in 
either, but not in one after having been used in the other 

whatever the temperatures of the first and second. 

(4) Much of the manufacture of thermoelements being 
still an art, with guarded secrets, it is not unusual for one 
particular source to guarantee one particular type of couple 
within marvelously close limits, and for the users to find 
year after year the guaranteed closeness to the curve. 


Rare-metal. While their first cost is several times that 
of base-metal couples (made of wires of same gages and 


lengths) these couples are seldom more expensive in the 
long run. The reasons are practical rather than theoretical: 
In the first place, their outstanding reproducibility and sta- 
bility permits their being selected for applications where 
extreme accuracy is required and where—consequently 
precautions are not overlooked. In the second place, thei) 
chief weakness (silicon contamination) is so well-known 
that precautions are redoubled. Thus it frequently is re 
ported that the cost per furnace per year of using rare 
metal couples is smaller than for furnaces where base 
metal couples are used. 

The chief limitation of rare-metal couples (not mentioned 
in Table IV) is that they require special protection, partic 
ularly in reducing atmospheres. Silicous materials must be 
avoided. 

Rare-metal couples are frequently used bare in the lab 
oratory—but both thermoelements are so easily contamin 
ated that extreme precautions must be taken. When con 
taminated, they can in many cases be restored to good con- 
dition. National Bureau of Standards publications give di- 
rections for removing some surface impurities, restoring 
homogeneity of microstructure, ete. 

Maximum deviation from the two standard curves (rec 
ognized by all manufacturers) is seldom more than 5°F. 
at 2000°F. for new couples. Such an “error” is not even ob- 
servable on the seale of an ordinary millivoltmeter pyrom 
eter. As a rule, a new rare-metal couple can confidently be 
used in the plant without having been checked by the plant 
instrument department. 

A rare-metal couple and a high-grade portable potentiom 
eter constitute the equivalent of an inspector’s gage which 
is taken around to check ordinary pressure gages BUT note 
that the temperature reading given by any couple is the 
temperature of its measuring junction, so that with diffe: 
ent protections and different immersions, two perfect 
couples may give widely different readings of the same 
furnace temperature. 

Tron-Constantan. When Table IV was first published, ob 
jections weré made to the brevity of the recommendations 
under “Iron-constantan.” The author consequently request 
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ed Dr. I. M. 


follows: 


Stein” to prepare a definite statement, which 
A correct statement of the situation cannot be made 

quite so briefly, but we shall attempt to give you our ideas 

as briefly as possible. 

1. The iron-constantan couple used under proper con- 

more relation emf. 

than any other type of base metal couple. 


reliable between and 


ves a 


2. In an oxidizing atmosphere, particularly at tempera- 
ture above 1400°F., the life of an iron-constantan couple 
s much reduced so that for such services the chromel- 
alumel couple is usually recommended in spite of its less 
reliable temperature-emf. relation. 


In some reducing atmospheres, the iron-constantan 
yretically would be subject to errors due prin- 
y to the action on the constantan. However, the reduc- 
ng atmospheres that are usually encountered in practice 
are of such nature that the iron-constantan couple is not 


couple the 


appreciably affected and is the one usually recommended 
for reducing atmospheres.” 

In 1940, the Leeds & Northrup Co. published a thermo- 
in which still another point was brought out, 
enormous difference between the temperature 
for the smallest and heaviest 
This has been incorporated in Table IV. This difference is 
than for other pair of industrial thermoele- 


couple catalog 
namely, the 
wires. 


limits recommended 


greate! any 
ments 

Copper-Constantan. This couple is not recommended for 
temperatures above 600°F., because the copper would oxi- 
dize too rapidly, although it is suitable for both reducing 
and oxidizing atmospheres. Interchangeability between dif- 
ferent couples and from lot to lot can be guaranteed within 
smaller limits than other base-metal couples; about 6°F. 
Frequently this type is used with multiple junctions, i. e., 
work in small areas 
quick readings are desired. (Example: thermopiles for radi- 
ation receivers of high precision.) At the low temperatures 
for which this couple is suitable, no primary or secondary 
protection other than insulation, is ordinarily required. 
When used in acid fumes or under other corrosive condi- 
tions, a thin-wall transparent quartz-glass or hard porce- 
lain tube is adequate protection. 

Chromel-Alumel. Best service will be obtained when used 
in oxidizing atmospheres. Interchangeability from element 
to element and lot to lot, is generally guaranteed within 
15°F. The somewhat lower degree of interchangeability of 
these as compared with iron-constantan is in part offset by 
the fact that they can be used for a higher temperature 
range. Some manufacturers have recommended this type for 
temperatures as high as 2300°F. This is possible for short 
periods of time only, even with the heaviest wires. 


several couples in series, foi where 


Conditions of Use of Couples 


Before passing on to protection tubes and mountings, a 
few miscellaneous notes on conditions of use in general: 

Cold-working alters the curve of most elements. Swaging, 
bending and twisting the wires near the weld does not mat- 
ter so much as sharply bending a portion which will be 
exposed to a temperature gradient. The steepest gradient, 
of course, is at a furnace wall. Therefore, even double-pro- 
tected couples must be handled with this in mind. 

Remember that for an equal exertion of finger-muscle 
strength, the area stresses in a small-gage wire are much 
greater than in a heavy wire; also that the seriousness of 
“surface” impurities is in inverse ratio to diameter. 

All connections (Fig. 55 type or other forms), switches, 
conduits, fixtures, etc., should be enormously heavier than 
theoretically required by the feeble “wattages” involved. It 
is precisely because the emf’s are millivolts that clean con- 
surfaces of high-grade power-rating 
switches are essential to prevent variable-resistance errors 
and other sources of erratic readings. 


tacts and large 


The reference junction, as has been seen, is usually two 
unctions (A to brass to B). The same condition 
may apply to the hot junction. Its wires need not touch if 


brass, 


* Lire 


ctor of Development, Leeds & Northrup Co, 
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they are immersed in molten metal, or rubbed and pr: 
hard against a metal surface. There are many uses f 
bare couple. For temperature of solid metal parts (1 
ings, etc.) the wires may be peened into the metal. I; 
such cases the two wires should be close together bee: 
a difference of temperature at their respective entr: 
points will set up an additional emf.* In all such cases, 
it should be noted that the surface temperature is the 
which will be indicated. Welded or twisted couples dip; 
in slightly conducting liquids should not be immersed dee; 

Radiation and conduction always affect the readings 
couples. The couple will develop the emf. due to its 
temperature, but its temperature may be diffe: 
from that of the medium. Remember that the wires c 
duct not only electricity but heat. Where a high orde: 
accuracy is desired in measuring “furnace temperature” 
the sense of furnace atmosphere temperature, the cou; 
tip should be surrounded by a sleeve to prevent its “s 
ing” surfaces colder or hotter than the atmosphere ai 
giving or receiving radiation to or from such surfaces. (T} 
A.G.A. recommendation is given under “Forms of Asse 
bled Thermocouples.”’) 

Arranging a number of hot and cold junctions in series 
(‘“‘thermopile”) will give the sum of the emf’s; in paralle 
the average; but resistance addition or division, non-linea) 
ity, and other conditions, modify the exactness of the th« 
oretical values. Industrial users may well leave the desig: 
and construction of thermopiles, etc., to specialists. 


own 


Forms of Assembled Thermocouples 

The few illustrations on these pages convey but a slight 
idea of the variety of thermocouple assemblies, tubes, fit 
tings, etc. The judicious choice of these adjuncts often has 
a more important bearing on the success of an installation 
than has the choice of a particular make of instrument. 

Fig. 56 is a composite of illustrations from a publication 
issued only a week before this writing. The caption follows 
the manufacturer’s data. In addition, the good drawing of 
the improved head affords an opportunity to bring out a 
point seldom mentioned in texts, though important. Note 
that this design makes for temperature equality of the two 
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Fig. 56. Rare-metal wires 29 and 30, welded at the right-hand end, con- 
stitute the pair (not ‘‘thermocouple’’) 25. This is the primary measuring 
element of a thermoelectric pyrometer. Therefore, 25 is known as an ele 
ment. This element is insulated by the two single-hole insulators 28 and 
by fish-spine insulators 26. The resulting assembly A is enclosed in porce 
lain primary-protecting tube 3. This, in turn, is enclosed in porcelain sec 
ondary-protecting tube 4 with ferrule 1, sleeve 23 and head 2 completing 
the entire assembly B. Details of a head slightly different from 2 (no out 
side pipe-thread) are shown at C. (Leeds & Northrup Co.) 

See text for significance of other letter symbols added by the author. 


outside connections O-O, and temperature equality of th 
two inside connections /-J. Thus, because of the rule of 
symmetry, it is not necessary to maintain the inside-and 
outside ends U/-U of the upper connecting stud at the same 
temperature, nor to maintain L-L at the same tempera 
ture, provided of course that the various metals of the 
upper and of the lower connection devices are identical in 
composition, etc. Now imagine the consequence of a worker 
“tagging” this couple (as is sometimes done in the best 
plants) by placing a sheet of cardboard between the oute 
terminals. This cardboard will shield only one of the ter 
minals from nearby sources of radiant heat and the reading 
will be seriously affected. Therefore, when installing the 
*Dr. Roeser has recently given (ref. cited) several figures show 
ing the seriousness of this effect. His final illustration is that of 
rare-metal couple with its two wires attached to two points whost 
temperatures are 700°C. and 750°C.: under the conditions he d 


scribes the “reading” is 962°C., or 267°C 
iverage 


higher than the 725°C 
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ided against what “the other fellow” might do. 
eference was made above to “specials” which are really 
dard for some industrial process. Among these are the 
wing: 

Mold” thermocouples with a small contact area, espe- 
y useful for work with plastics. 

or brass, bronze and aluminum foundries, thermocouples 
made with unwelded elements at the end of convenient 
dles, which hold two spools—one for each wire. The life 
the immersed ends is short but they are trimmed easily. 
ere is also a heavy-wire non-reeling type, the advantage 
which is longer life. 
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Fig. 57. Actual s:ze part-section views of couples consisting each 
of an iron tube P welded at W to a constantan wire B which is 
insulated by asbestos cord D. Larger size can be used bare up to 
1250°F., smaller up to 800°F. (Foxboro Co.) 


For high temperature work where reliability of indica- 
tion is of greater importance than accurate measurement 
of temperature, and where it is desired to protect rare- 
metal thermocouples as much as possible, the final protec- 
tion may take the form of silica blocks designed to be 
built into the crown of the furnace. (Fig. 59). 

Surface-contact thermocouples are made ‘n numerous 
forms, including even one made by Taylor especially for 
hotel ranges. The great majority are ‘“specials’’—not only 
because they are designed for convenient use but particu- 
larly because the measurement of true surface temperature 
is practically impossible. There is no universally satisfac- 
tory combination of couple and mounting. This subject is 
discussed in the Bureau of Standards’ Research Paper No. 
231 by Roeser and Mueller, also in Sosman’s book ‘The 
Pyrometry of Solids and Surfaces.” 

Perhaps the most interesting assemblies are the ‘“aspira- 
tion pyrometers” for measuring “true” gas and flame tem- 
peratures by eliminating or minimizing errors due to radia- 
tion, conduction and convection. Fig. 58 is the form recom- 
mended by the American Gas Association and the follow- 
ing is an abbreviated extract from a report* by E. 0. 
Mattocks, A.G.A. Industrial Engineer: 
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Fig. 58 

The “American Gas Association High-velocity Thermocouple 
onsists of a translucent quartz tube which is partly closed at or 
end, while the other end is connected to a cu I Insi th 
juartz tube the thermocouple is so placed that the bead is locat 
i short distance behind the small opening in the restri ted end 
the quartz tube, and centered by a porcelain s} ! 

The assembly is inserted into the hot gas strea locating 
perforated end at the place where the temperature is desired. A 
period of time is then allowed to permit the quartz tub nd t 
mocouple to come to equilibrium temperature. (For reasons 
shown later, this reading is generally recorded.) The 

*E. O. Mattocks. A Precision Couple for Measuring Gas Ter 
erature, Metal Progress, July 1934, pages 37-4! 

EK. O. Mattocks. Temperature and Its Measurement. Indust 


Gas, August 1934, pages 15-18, 





uples, do not consider the job complete until you have 
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for Every Job 





The Ward Leonard Pressed Steel Plate Type Rheostat is 
a most adaptable control device. It lends itself to front or 
back of board mounting, multiple assembly, concentric 
operation and manual or motor drive. Thus whatever the 
control requirements or n.ethod of operation may be, 
Ward Leonard, with their wide range of rheostat mount- 
ings and accessories can give you on short notice the exact 
combination to do the job. Ward Leonard Plate Type 
Rheostats are described in Bulletin 60. Ring 
Type Rheostats in Bulletin 1105. Laboratory 
Rheostats in Bulletin 8002. Send for Bulletins 
f interest to you 


WARD LEONARD 


38 SOUTH STREET, MOUNT VERNON, N. Y. 
ELECTRIC CONTROL DEVICES SINCE 1892 


















then turned on and a short time permitted to elapse before the 
é peratur is gain read 
Th following mnditions must be satisfied to obtain the true 
t perature 1 ti ga 
1. The time interval between applying the vacuum and taking 
tl t pe ture reading must be long enough to permit the ther- 
iple bead to become thoroughly heated to the temperature of 
th flowir 
Phe ;uum must be sufficient to create a relatively high gas 
past the thermocouple bead, for there should be no tem- 
I ti rop between the gas entering the quartz tube and that 
passing tl the ouple bead 
The velocity past the thermocouple bead must be high enough 
KX ipply heat to the bead faster than the bead can radiate heat 
t t tut ounding it 
1. The tub urrounding the thermocouple bead should possess 
low pbsorption and high reflection factors 
It is i ible to draw a check urve plotted from readings 
taken bot befor ind after the vacuum is applied, for several 
lifferent juilibrium temperatures. These readings must be taken 
with the embly in the same location. By plotting the indicated 
(‘‘n tcuunr ) temperature against the true (“vacuum”) temper- 
at ight li should result. If any pair of observations do 
not plot on this curve, it is advisable to check the readings with a 
new bead ran entirely new thermocouple 


Protecting Tubes 


For high-temperature work the protecting tubes are of 
far greater practical importance than the thermoelements. 

The following listed by the Bureau of 
Standards) should be considered in reference to the par- 
ticular process for which the tube is required : 

(1) Low porosity to gases. Many tubes become porous 
to furnace gases at high temperatures. 

(2) Low volatility. Certain metal tubes are undesirable 
at high temperatures the metal distills the 
thus altering its calibration. 

(3) Ability to withstand high temperature. 

(4) Ability to withstand sudden changes in temperature. 

(9) Ability to withstand mechanical shocks and strains. 

(6) High rigidity. Protecting tubes frequently deform 
and exhibit the phenomenon of plastic flow at high tem- 
peratures. 

(7) Thermal conductivity. High thermal conductivity is 
frequently desirable when rapidly changing temperatures 
are measured. Usually, however, low thermal conductivity 
is desired so that the flow of heat along the tube be as 
small as possible. 
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couple, 


(8) Ability to resist corrosion from molten 
furnace gases. 


metals or 
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Fig. 60. Special shape couple for surface 
temperature of mill rolls, glass cylinders 
etc To wear, this unit is often 
fastened to a rod in such a way that it 
may be pressed against the roll only when 
it is desired to read the indicator. (Tay- 
lor Instrument Companies) 
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12. Some Troubles—Causes and Remedies 
Among common causes of slight or serious errors in 
use of thermoelectric pyrometers there may be noted 
following: 
First and foremost 
oily, dirty, etc., ete. 





Poor Connections—loose, corrod 


Next—Short-circuits inside thermocouple stem caused 
worn or broken insulators. Then: 

Locating instruments too near sources of heat. Even wi 
automatic compensation of cold junction in instrums 
case, this is poor practice. Such compensation may not 
designed to take care of serious increase in coil resistan: 
(and hence lower torque) due to excessive temperature. N 
compensation is designed to nullify the effects of gradient 
in the instrument case. 

Locating instruments where they are subjected to exce 
sive vibration and shocks. Even one sudden jar may caus: 
two or more turns of a spiral spring to catch one anothe 
Same effect as shortening spring, which opposes coil: Read 
ings will be too high. 

Inadequate protection from dust, fumes and moisture. 

Altering length of extension and even of copper leads. 

“Repairing” broken or worn extension leads with un 
suitable wires. May cause an error of 15% of range. 

Even in replacing compensating leads with properly 
chosen new leads, reversing polarity will cause errors. 

Various unforeseen causes of change of lead resistance 

Running leads close to furnaces, etc., for long distances: 
commercial wiring is not perfectly homogeneous—and even 
if it is, the variable resistance will cause errors unless a 
true potentiometer is used. 

Neglecting to check with open circuit. 

Neglecting to verify temperature of buried cold junction 
by lowering a thermometer tied to a string, which should 
be done once a month. 

Neglecting to inspect thermostated junction or zone boxes. 

Neglecting to test contacts of multiple and other switches. 

Variable immersion of long thermocouples. 

Allowing ashes, dust, clinkers or other material to accu- 
mulate on the end of the protection tube. 

Using instruments scaled for one pair of thermoelements 
to measure temperature by the emf. produced by a different 
couple. 

Impairment of homogeneity of thermocouple wires where 
exposed to temperature gradients. Such impairment is usu- 
ally caused by contamination (cracked protection tube, etc.). 

Induced currents, stray leakage, etc. Wherever there are 
electric furnaces, electrical machinery or even the usual 
plant wiring, in the close vicinity, the original installation 
should be made by a trained man. This is especially true 
of multiple-switching circuits. 

Voltaic effects arising from worn insulation plus moist 
wood, etc., between leads of dissimilar materials. 

The “Becquerel effect,” set up sometimes when tubes are 
not gas-tight and themselves emit a gas which contami- 
nates the couple. For example, silicon on platinum: an ad- 
ditional thermocouple is created. Sometimes remediable by 
annealing the wire. 

If the pointer wobbles, there is trouble somewhere 
probably a loose connection or defective insulation. Located 
by shaking one part of the circuit after another. 

Checking procedure and table of fixed points will be 
found in the Appendix. 


In conclusion, apply the Rule of Symmetry. 

















Secuional view otf C-Sif 
Graphite up. 3 


head nipple. 6 


Fig. 61 thermocouple assembly. 1—Silicon 
bide rod 


5—Graphite 


Ccar- 


Graphite sleeve. 4—Graphite main section. 
insulator (15,” 1%” x 8”) 


—Fused silica 
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7—Fused silica insulators (25/32” * %” 5”). 8—Porcelain insulator 
9—Copper cooling coil for SiC. 10—Copper cooling coil for graphite. 
(Fitterer Pyrometer Co.) 












